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ABSTRACT

The collision tolerant navigational marker system study

was undertaken to determine the feasibility of using rubber

as a flexure element when mounted in a fixed navigational

structure for shallow water applications (20 ft. depth or

less). Quantitative evaluations will be made of the system's

technical feasibility, performance under environmental

loadings, availability, associated installation systems, and

cost. It is the intent of this work to develop a data base,

investigate the use of mathematical/computer models, develop

a configuration matrix of installation modes.
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NOMENCLATURE

Ap Piling Projected Area (immersed)

Am Area of Navigation marker

C Distance from the Neutral Axis to Outermost fiber of
beam

CDp Drag Coefficient (Piling)

C DM Drag Coefficient (marker)

D Outside Diameter

d Inside Diameter

Dp Diameter of Piling

E Young ' s Modulus

F Dc Force on Piling Due to Current

FDm Wind Force on Navigation Marker

h Thickness

I Moment of Inertia

J Mass Moment of Inertia

K Stiffness

1 Length

L Length of Test Section

Lp Length of Piling (immersed)

M Mass

M c  Moment Due to Current

MT Total Moment Due to Environment

M Moment Due to Wind Loads on Markerwm

Mwp Moment Due to Wind Loads on above Water Piling
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R Mean Radius

Re Reynold's Number

S Distance from Applied Wind Load to Flexure Element

qw Wind Speed

U. Water Free Stream Velocity

v Kinematic Viscosity

Pi Water Density

Angular Deflection from Vertical Axis



I. INTRODUCTION

Since the early 1700's when the Little Brewster Island

Lighthouse was erected to light the entrance of Boston Harbor,

the United States Coast Guard has expanded the short range

aid to navigation system to include Alaska, Hawaii, east

and west coasts of the mainland United States and major

inland rivers and lakes.

The U.S. Coast Guard is wholly responsible for 60% of

the approximately 80,000 short range aids to navigation.

This includes procurement of material, fabrication, installa-

tion, maintenance, repair, and replacement. This system of

short range aids consists of buoy and fixed structures which

offer a combination of sound, light, and/or electronic

beacons.

The dependability of these markers is critical as they

idp"tify hazards to marine traffic. The markers define navi-

gable channels in rivers and are extensively used by pilots

in guiding barge traffic. Not only must these aids be there

but their position must be known and correspond to the navi-

gation charts. Figure 1 illustrates the approximate distri-

bution and densities of the navigation aids throughout the

United States.

In order to meet this mission requirement the U.S. Coast

Guard maintains a fleet of highly specialized vessels varying

in length from 33 feet to 180 feet. These specialized vessels

10
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carry crews whose technical background and capability must

span many different disciplines including -"vii, mechanical,

and electrical engineering. Equipment as diverse as 4500

lbf. diesel powered pile drivers and delicate alignment

instruments are utilized.

The navigational aids are designed to withstand the

environmental loading due to wind, current, waves, and ice

where applicable. In addition to the above loads many

markers, especially in narrow channels, are often exposed to

direct collision impact loads by marine traffic such as

ships, and barge strings. According to the 8th U.S. Coast

Guard District, Civil Engineering Branch, located in New

Orleans, Louisiana, approximately 300 fixed structure aids

are "destroyed" each year. Another 400 fixed aids are

damaged. In that district alone the direct replacement cost

exceeds $1,000,000.00 annually. This includes vessel time,

man hours, materials, and navigation packages. The installa-

tion of a navigational marker is particularly labor intensive.

In each operation the precise marker location must be iden-

tified, the damaged structure located and pulled, and a new

fixed structure driven. In addition the possibility of law

suits and litigation due to marker failure can represent

significant additional cost to the government.

It is thus obvious that a navigational structure that

will maintain its position and orientation under environmental

loads yet absorb or deflect under vessel collision impact

12



would significantly alleviate the effort and cost required

to maintain the system.

It is the purpose of this study to explore the feasibility

of a "Collision Tolerant" (CoTo) fixed navigation marker

that will significantly reduce costs and improve the system's

reliability. In order to accomplish this the project is

structured in four phases. The first will focus on the

environmental conditions and the resultant environmental

loads on a typical fixed structure. The second phase will

address concept formulation. The third element will focus

on analytical modeling and experimental validation of a

flexure joint. The last phase will be devoted to the system

integration.

13



II. PROBLEM STATEMENT

During its life cycle a fixed navigational aid sees a

combination of two categories of loads; environmental loads

and collision loads. Failures due to environmental condi-

tions alone are very rare. Destruction as a result of colli-

sion impact loading is the primary cause of failure in fixed

aids. Collision may completely destroy the marker including

its supporting structure, or it may disable it4-s signaling

capability. In the former case not only is the marker des-

troyed but also its precise location is lost. It may be

several days before a report is received by the U.S. Coast

Guard identifying the damaged aid. Once it has been identi-

fied, a buoy tender is dispatched to first find the original

position of the navigational aid, remove damaged aid if

necessary, and drive the necessary piling to support a new

navigational aid package.

Approximate costs of replacement vary depending on loca-

tion and size of the navigational aid. Also factoring into

the total cost is the size of vessel reguired to effect re-

pairs. The exact replacement costs are difficult to estimate.

$50.0 an $2,500.0 forve wodpieanlelgtte structure tecssvr ewe

For.0 an imple.0 drive pile strctue the cot varyt bteentutr

respectively. Vessel cost ranges over a wide spectrum but

for convenience $400.00/hour is assumed. A typical installa-

t'Lon, where the location of the marker must be determined and

14



surveyed, may require 8 to 10 hours. Thus the cost of comn-

plete replacement may be as high as ten thousand dollars.

It is thus obvious that a navigation marker which has the

capability to survive an encounter with a vessel will signi-

ficantly affect the total cost of the system. Figure 2 repre-

sents the performance constraints and operating conditions

of a fixed navigation marker.

15



A. Environment East & Gult Coast
Maximum Water Depth eO Feet
Minimum Water Depth 5 Feet
Wave Action 4-5 Feet
Maximum Wind Speed 75 Miles/Hour

ice Conditions N/A
Bottom Conditions-Slope 10-15 Degrees

-Consistency Soft-Clay
Current 1-3 Knots

B. Performance Tolerance

Small Deflection (Environmental Load) No Damage
Small Deflection (Impact Loading) No Support Damage
Full Run-Over Capability Nay. Aid Damage
Allowable Variation In Recovery 15 Degrees

C. Installation

Driving Loads 4500 lbf
Special Handling Requirements

-Maximum Weight 18000 lbs
-Maximum Length 60 Feet (wood)

Lifecycle 10-20 Years 40 Feet ( Steel)
D. Materials Wood

Steel

Concrete
E. Maximum Cost $10,000.00

Figure 2. System Performance Parameters
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III. MARKER LOADING CONDITIONS

The type of loading conditions are depicted in Figure 3.

There are 3 categories: environmental, installation, and

collision. These loading conditions will be largely deter-

mined by the geographic location of the marier. In addition,

bottom topography and soil conditions will be a factor in the

type of marker system structure loads. Bottom terrain can

vary between coral, gravel and/or dense sand, loose sand

and/or clay, and fibrous silt. Slope conditions generally

encountered range from flat to 15 degrees.

The relationship between current conditions, type of

bott-om, piling diameters, and driven depth has been developed

through experience and empirical correlation. A typical

driven piling performance chart is presented in Figure 4

taken from Reference 1.

A. ENVIRONMENTAL LOADS

Environmental loads can be grouped into four categories:

current loads on the piling, wind loads on the superstruc-

ture, loads due to ice conditions, and loading due to vortex

shedding by the immersed piling. Figure 5 presents a typi-

cal marker loading condition.

1. Current Loads

In determining the current loads on a vertical piling

a number of assumptions are made. a) The current is assumed

uniform and constant with depth. In reality there is a

17
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Wind Loading on
Navigational Aid

Wind Loading I
on Column

High Water

Lie

Current Loading

on Column

Figure 5. Typical Loading Distribution
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certain velocity stratification, however, this variation is

difficult to determine. The above assumption is considered

reasonable as it is on the conservative side. b) In the

case of an incline piling the current load will be determined

on the basis of a vertically projected length of the piling.

This is again a conservative approach often followed in ocean

engineering practice.

The drag on a circular cylinder transverse to a fluid

stream is given by Equation 1.

FP 2A C()DC 2z U p Dp

where C D is the drag coefficient for the appropriate Reynolds

number, A is the cylinder's projected area, U is the current

velocity, p is the density of the fluid. The moment generated

at the bottom of the piling due to the current load is given

by Equation 2.

Mc F C' D U C(2C 2 DC 4 pp D (2)

For the case where the piling is inclined a degrees

from the vertical then the second assumption above is applied.

in this case the piling length in Equation 2 becomes

La L cos a. Examination of Equation 2 reveals that the
p

piling moment due to current forces is linearly proportional

to the pile diameter D pand varies as the square of the

immersed length L P

21



2. Wind Loads

The wind loads are primarily evident on the super-

structure or the navigation marker proper. In addition, air

loads are also developed on the above-water piling. In the

majority of cases the navigational signal marker is a flat

plate approximately 9 square feet in projected area. For

this geometry the drag is given by Equation 3.

F 1 2 C (3)

DM 2 Pw CDM

The moment thus becomes

SwM SFDA (4)

The wind loads on the above-water portion of the piling

itself are given in a similar fashion to Equation 1, as:

F w = I P U2 AD2 w p DCp(5

The moment thus becomes

L -S
Mwp = (Lp + FDw  (6)

As the system departs from a vertical orientation both of

these wind loads will tend to decrease.

22



3. Ice Conditions

Ice conditions will certainly impact the design of

fixed navigation structures. The consideration is formulated

in two parts; floating ice and accumulated top side ice. In

the former case there can be two possible situations. The

ice can exist as a frozen drifting sheet, or ice chunks,

floating with the current. A drifting ice sheet moving on

a frozen-over body of water will, if of sufficient thickness,

* destroy the fixed piling structure or push it over. Ice

sheets floating with the speed of the current will introduce

impact loads.

Top side ice accumulation on the navigation marker

itself is difficult to quantify. Suffice it to say that

weight correction factors can be applied. For the purpose

of this study ice effects are not considered. First there is

little marine traffic in frozen-over conditions and hence

little use for the correctly displayed markers. Second ice

impact loads are in effect analogous to collision loads from

marine traffic. Thus a system that can handle traffic impacts

can survive collisions with moving ice flows.

4. System Frequencies

In order to insure that the system's natural frequency

fdoes not correspond to the frequency with which vortices

are shed, the vortex shedding frequency n is related by the

Strouhal number, Equation 7.

= S (Strouhal number) (7)

23



K- Ideally, the natural frequency should have the following

relationship.

f 1. 5n (8)

If the structure is modeled as a rigid body attached to a

torsion spring, the equation for the natural frequency is

given by Equation 9.

f (9)

where

Wm = K1/2

and

K =EI

J Mr2

For the purpose of this design a worst case loading

situation will be assumed. Thus the particular structural

configuration must maintain its vertical orientation within

specified limits for the case where the moments due to current

and wind loads are in the same direction. It is realized that

24



this concurrence of applied loads will exist only in a few

instances.

B. INSTALLATION LOADS

Installation loads fall into two separate categories:

handling loads and driving loads.

1. Handling Loads

* Handling loads are the forces introduced during ship

loading and unloading of the system and in positioning the

marker for driving. While this aspect may not be of great

significance in the case of a single piece piling it will

need to be considered when the system includes possible

flexure elements.

2. Driving Loads

In the conventional single piling system driving

loads are not a problem. Any proposed system must have the

capability to handle the driving hammer's force which can

approach 4500 lbf.

C. COLLISION LOADS

Impact loads as a result of collision between marine

vehicles and/or ice conditions and those encountered in pile

driving can either heel over the structure or completely break

it off. It is difficult to quantify the range of impact

loads generated by these collisions.

25



IV. CONCEPT FORMULATION

In order that a fixed navigation marker "survive" under

the loading conditions described it must have certain

attributes. These are:

a) Under environmental loads of current and winds the

marker must maintain a vertical orientation within a certcain

angular envelope. Under these loads the system must be

"stiff".

b) nn impact by a barge the piling must become very

"soft" and deflect out of the path of the vehicle. The

deflection may continue even to the point that the marker

is "run over" by the traffic.

c) once the impact Loads are removed the marker must

automatically redeploy into its vertical orientation envelope.

The above requirements are described with the aid of Figure

6. Depicted are the desirable reaction moments of the system

and the loading moments due to environmental forces and im-

pact versus the deflection a. Up to a maximum worst case

moment due to environmental loads the piling must maintain

a vertical orientation within ±150. If a moment greater

than the design moment is applied, such as that resulting

from impact, the piling must deflect, i.e., the angular

excursion becomes very large. This deflection allows the

piling to clear the impacting object.

26
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Once the traffic has overrun and cleared the area the

restoring moment must exceed the moment due to environmental

forces present in the deflected confi6guration. otherwise

the system will not regain its original vertical deployment.

It is thus apparent that a type of "snap through" behavior

is required of this piling. This in turn leads into a search

for a flexure mechanism that wil"l have the desired character-

istics.

A range of concepts was examined. A selected set of

arrangements is illustrated in Figures 7 through 10. Each

has its advantages and disadvantages. Different types of

flexure elements include torsional springs, mechanical snap-

through mechanism (similar to the common wall mounted light

switch), tethered floating platforms, and rubber elements.

The United States Coast Guard office of Ocean Engineering,

Washington, D.C., for reasons of low cost and high off-the-

shelf availability decided that rubber in a particular

configuration had significant promise. The most common

configuration of these rubber elements is a hallow circular

cross section of various outside to inside diameter ratio.

The rubber is either extruded with no attached flanges or

molded with integral metal flanges. Appendix A is a sample

of commercial literature available on this material.

These units, generally referred to as cell marine fenders,

are designed as annular columns which fail in the buckling

mode. For the proposed application in the case of the fixed

navi&gational system the cylindrical rubber element will

28
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Figure 8. Snap Through Flexure Element
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Rubber

Element

Navigational

Aid Structure

Mud Line

Figure 10. Rubber Flexure Element
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serve as a flexure pivot. In the near vertical or on-design

orientation the element will serve as a cylindrical beam.

33



V. MODEL DEVELOPMENT

The purpose of this section is to develop an insight

and gain understanding into the behavior of a rubber cylindri-

cal beam. The loading conditions assumed are similar to

those that would be found if the beam were used as the

flexure joint in the fixed marine piling.

A. ANALYTICAL APPROACH

The type of loading and expected reaction loads in the

* proposed system is illustrated in Figure 11. The primary

steady loads are the moments due to environmental forces.

These are: current loads on the piling, wind loads on the

navigation marker, and wind loads on the above water piling.

The dominant load is the current load. The transient or

collision impact loads will of course be magnitudes larger

than the steady loads.

The analysis of the CoTo system was modeled as a simple

cantilever beam of circular cross section (pipe). As indi-

cated in Appendices B and C, the various loads whan acting

in parallel with one another create the free body diagram

noted. The linear differential equation relating the deflec-

tion v to the internal bending moment M in a beam is

d 2v -M (10)

dx

34



Force-

(applied)

Force

(reaction)

Moment (reaction)

Figure 11. Free-Body Diagram

35



where X is the axial coordinate and EI is the flexural

rigidity or bending modulus. For small angles, less than 5

degrees, 8 will be approximately equal to the slope of the

curve (tan 8). The deflection v and the slope of the

deflection curve are related by

;'" dv
-(11)

Assuming loading intensity w can be related by

dV ( 2dv - w (12)

dx

and

adM
V (13)

ai

The following set of useful differential equations is formed

dvdx

de _ -M
Sdx El

(14)
dM
dx

dV-. = - -W

[Ref. 2, p. 331]

36



These equations are called the equations of flexure for the

bending of a beam. Appendix D shows the solutions of these

differential equations for a fixed-free beami.

These relationships generally apply to isotropic materials

which when loaded below critical values produce only small

deflections (rotations < 50). Analysis of a beam with fso-

tropic material properties relies on the linear relationship

of stress to strain

* {a} = [E] {E} (5

Analysis of a beam with nonisotropic and nonlinear materials

uses the nonlinear relationship

{oy} [(E) I {l (16)

However for very small deflections of rubber the classic

methods of analysis can be used with reasonable results.

Because Hooke's Law of Proportionality between stress

and strain does not hold for strains as large as are common

with rubber, the modulus of elasticity is seldom used in the

rubber industry.

As was indicated, bending of this beam is a very critical

parameter in determining the failure mode of the model. Cori-

sidered also is the snap-through action which occurs past

certain deflection limits. This is similar to the onset of

thin shell buckling. At this point, it must be noted that

37



there is no buckling "per se" in the large deflection of

the beam that is loaded with transverse forces. However, as

the cylindrical beam deforms, local buckling does occur

when the original circular cross section collapses. Equation

17 relates the critical load for a geometry similar to the

proposed configuration

Eh2

Pcr = R[3(I_ 2)1 1/2 (17)

[Ref. 3, pp. 1511

for the onset of thin shell buckling loaded axially as shown

in Figure 12a. Loading of the model and identification of

the "local buckling" zone is shown in Figure 12b.

The validity of Equation 17 relies on uniform axial load-

ing and a D to d ratio approaching unity. Because the

experimental model does not conform to either of these con-

straints Equation 17 will be of no value to predict the point

of failure.

It was thus decided to approach the problem employing

computer programs using finite element techniques. It was

hoped that these codes would have the capability to address

the configuration, and material in question. Two different

computer codes were explored: GIFTS (Graphics-oriented

Interactive Finite element Time-sharing System developed at

the University of Arizona by Professor Hussein A. Kamel) and

ADINA (A Finite Element Program for Automatic Dynamic

38
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incremental Nonlinear Analysis developed by Klaus-Jurgen

Bathe at the Massachusetts Institute of Technology.

1. GIFTS

The GIFTS program is a particularly useful code in

addressing a wide variety of structural problems. Details

of the GIFTS model used in this analysis are contained in

Appendix E. Because GIFTS does not contain nonlinear analy-

sis options, results achieved were not very encouraging and

the program' s use was not pursued further.

2. ADINA

ADINA was developed for the purpose of analyzing

highly nonlinear systems due to either material nonlineari-

ties and/or geometric nonlinearities. Details of the ADINA

model are presented in Appendix F. The program output yields

realistic results particularly in the small deflection range.

It is the Adina code that was used to analytically predict

deflections for the proposed flexure element.

B. EXPERIMENTAL CORRELAT IONS

In order to validate the results of the ADINA model an

experimental test program was designed and executed. A

model rubber flexure joint was installed and tested throughout

a wide deflection range. Loads and the resulting moments

were related to the angular deflection of the system.

A schematic of the test apparatus is illustrated in Figure

13. A photograph of the flexure unit under test is presented

in Figure 14. As shown, the testing apparatus fixes one end
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of a beam and applies a known load transversely to the free

end. The load remains perpendicular to the beam by means of

a traveling block. As the load is applied and the beam

deflects the slope of the beam is measured in degrees by an

inclinometer fixed to the beam.

Two extruded rubber cylinders, 5 ft. x 5 in. (OD) x 2.5 in.

(ID) of ASTM D-2000 grade rubber were purchased. The test

cylinders were machined to outside diameters varying from

5 to 2.75 inches. Ratios of length to outside diameter were

independently established at 2:1, 1:1, and P:l. This was

accomplished by varying the insertion depth of the upper

attachment fixture of the test apparatus. Appendix G is the

tabular presentation of the results.

Figuresl5a through 15f is a series of photographs depicting

the progressive deformation-^of the flexure joint as increasing

load is applied. It is evident that up to a certain angular

deflection (Figure 15c) the geometry of the system remains

circular. At a certain point the rubber cylindrical eleme'fIt

begins to ovalize and the cr~itical moment of inertia starts

to decrease. This is shortly followed by complete geometric

failure and extremely large angular deflections (Figure 15f).

The details of the experimental variables and pertinent

j physical dimensions are presented in Figure 16.

C. DISCUSSION

In evaluating the experimental results and comparing

them to the results of the computer model it is first
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necessary to review possible avenues by which error may

influence the outcome.

In the experimental model, two significant areas appear

to introduce error. First, wall thickness variations of

the test samples and second, creep of the material through

the attachment or clamping mechanism.

The extruded rubber cylinders purchased for the experiment

have a ±10% wall thickness tolerance. This corresponds to

existing rubber industry standards for extruded geometzies.

The test samples were machined from these standard units.

The machining operation and the available quality of the final

surface cuts did not allow for precise control of the rubber

sleeve wall thickness. For the thinner wall sections, i.e.,

1/8 inch, the final cut roughness may have introduced varia-

tions on the wall thickness of up to 10%. In the thicker

section samples this variation would have decreased.

The second probable source of error appears to have been

the rubber test jig attachment point. The fastening system

used to secure the loaded moment arm inside the test section

and to fix the bottom end of the unit utilized 9/16 inch

stainless steel hose clamps. As the test section was de-

flected by the applied load, up through 100-150 no appreciable

creep through the clamps was noticed. This was confirmed by

releasing the load and allowing the test material to regain

its original position. Beyond 10*-150 inclination, creep

through the clamp introduced as much as 7* residual inclina-

tion with respect to the original unloaded case. This error
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became more pronounced as the wall thickness was increased.

Thus, on this basis, deflections at the very high angles

are not likely to be very reliable. This may not pose a

serious problem in the design phase as at this level of

deflection the rubber cylinder has buckled and other, more

drastic, phenomena are involved.

In the case of the ADINA modeling, two possible sources

of error exist. In the first instance there are inherent

limitations in the formulation of the ADINA program. While

ADINA program is structured for "rubber" type materials, it

is limited to 2-dimensional plane stress problems only. In

order to model the test section, a 3-dimensional circular

beam element was used in conjunction with an elastic-plastic

material model. The choice of these two options was the

closest available combination of models to the actual

conditions.

As a result it is expected that ADINA will yield realis-

tic results up to 100 or 150 of beam deflection. Beyond this

point the material is part the range of validity of the com-

puter's material properties.

The second source of error arises as a result of the

aspect ratio (length/diameter) of the structural member.

The computer models a cantilever beam. As such the implied

limiting length/diameter ratio is ideally in the range of

10:1. The actual geometry of the cylinder in question has a

maximum length/diameter ratio of 2:1 and more closely resem-

bles a short stubby beam than a long cantilever.
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Figure 17 presents the results of a typical output from

the ADINA program. It is observed that as the D/d increases,

in the case of increasing wall thickness, the slope of the

moment vs. deflection curves decreases. It is also seen that

as the length/diameter ratio L/D increases the initial stiff-

ness decreases. These trends are as one would expect. How-

ever, the key observation to be made is that the ADINA program

does not predict the "snap-over" behavior expected in large

deflection.

The experimental test program is summarized in Figure 18.

In all cases progressive loading was maintained to deflec-

tions in excess of 400. For the thin wall geometries, i.e.,

D/d Z 1:1 to 1:1.26 there was a definite "snap-over" phenomenon

observed. This trend was not evident for relative thick

walled cylinders, i.e., greater than 1:1.26. The system

continued to deflect without any evidence of discontinuity.

In the case of small L/D ratios, approximately .5, the

flexure system developed a "lockup" characteristic. This is

best described with the aid of Figure 19. As the system is

loaded, inside edges of the sample holder pinch the sample

material. The outside edges are furthest apart and place

the sample material in tension. Beyond this point deflection

of the system is "locked up".

It is thus apparent that the flexure geometry that will

exhibit the desirable characteristics will involve relatively

thin walls, (D/d) near unity, and have length/diameter

ratios, (L/D), in excess of 1:1.
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Figure 20 depicts a comparison between the ADINA theoreti-

cal results and the experimental test on a sample where

D/d = 1.26, and L/D = 2. Excellent agreement is evident

through a deflection of 10*. Past this point the trends

diverge. Three distinct zones are evident in the experi-

mental results. The first, the small deflection zone is

consistent with the ADINA predictions for all geometries.

The second zone involves a change in the moment/deflection

curve slope but the geometry is still relatively axisymmetric.

The third zone involves a rapid geometric adjustment which

in turn results in large deflection.

It appears that the change of the characteristic slope

in Zone II is the result of incipient buckling. It is diffi-

cult to precisely identify and explain the behavior in this

phase as the geometry is continually adjusting and in fact

different sections of the rubber material may be in either

the elastic or plastic ranges.

In the completely collapsed mode, illustrated in Figure

21, the geometry has adjusted such that the circumferential

4 walls fold over and form a nominal rectangular cross section.

The width of this section is nD/2 and the thickness is 2t,

where t is the original tube wall thickness. In the fully

deflected range, i.e., high a, the element will fail in the

buckling mode. Figure 22 depicts both initial bending and

buckled geometry.

45



S 41

HA S

* 0

04

r- 0

N *1 0

4) 0
Li 4.a

49 go
I-qL

In .9cu

55'



2t

D/2 __ _ _ _ _ _ _ _

Figure 21. Collapsed Test Section



..... .... .. ...... . .... 9

/c

/rMe/
~ - A

.57



VI. DESIGN SYNTHESIS

The synthesis of the final configuration involved the

trade offs of a large number of variables. Some of these

were quite straightforward and quantifiable while others

tended to be qualitative in nature and difficult to define.

Additional constraints were placed on the project by

the U.S. Coast Guard that were more operational in nature.

These include:

a) Installation, maintenance, and removal of the CoTo

marker system must be accomplished without the use of divers

or sophisticated underwater instrumentation.

b) The proposed CoTo system must not impose serious

departures from present practices of pile fabrication and

installation.

c) The proposed CoTo system must fit within the capability

of existing vessels and service platforms and must not re-

quire highly specialized handling and tooling equipment.

In review of the operational requirements of the CoTo

marker system:

a) Maintain vertical orientation with t15 degrees under

specified environmental (wind and current) loading conditions.

b) Fold or "snap-over" when greater loads (such as

vessel collision) are applied.

c) Regain vertical orientation within ±15 degrees when

collision loads are removed.
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Thus there are two separate key loading conditions; the

environmental loads which must be countered by the flexure

joint reaction and the collision loads that result in the

snap-over action of the system. In the case of the environ-

mental loads a worst case design philosophy is followed. It

is assumed that the current and wind loads will act in the

same direction and have maximum values. For this situation

to arise on site would require that all current, wind, and

frontal orientation of the navigation marker be all in the

same direction; a highly unlikely circumstance.

A.* ENVIRONMENTAL LOADS

1. Current Loads

It was observed from Equation 2 that the piling loads

due to the current are directly proportional to the piling

diameter and increase as the square of the piling length

(L 2. In order to minimize the loads on the rubber flexure

system it would be desirable to have a minimum diameter and

minimum length for the section of the piling above the flexure

joint.

2. Wind Loads

The wind loads and the resulting moments generated

on the flexure element are essentially constant. Variation

in the worst case moment depends only on the physical distance

between the nay marker proper and the flexure point.

From these considerations it is evident that the

flexure point itself be located as near the surface as possible.
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The piling diameter above the flexure should be as small as

possible consistent with other loading conditions, i.e.,

top-side system weight. On the other hand, the flexure point

must be deep enough to clear the draft of the marine traffic.

B. DESIGN IMPLEMENTATION

In order to incorporate the correlations between the ex-

perimental and analytical data into a full scale model many

variables must be fixed. Appendix H contains detailed calcu-

lations concerning the sizing of a large flexure element.

The process is summarized here.

a) Cnce a flexure type navigational marker has been

chosen to be installed in a particular area, the geographic

and environmental parameters must be set, i.e., current and

wind speeds to be expected, maximum and minimum water levels,

soil type and pile driving conditions, and local marine

traffic patterns.

b) The type of navigational package to be supported by

the structure will dictate piling size above the flexure

element.

c) Based on loading conditions and size of piling to be

used, the total moment is calculated using Appendices A and

B.

* d) Using Equation 17 [Ref. 2, P. 2691

MC
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apply the critical values of a obtained from Appendix G,

which correspond to certain critical levels of deflection,

and knowing approximately what outside diameters are commer-

cially available, solve Equation 17 for the critical inside

diameter d. In order to maintain the desired snap-through

action, the D to d ratio of the larger scale element should

approach those of the experimental model.

Because of the addition of the flexure element in the

piling system, the traditional driving sequence must be

altered to accommodate the piling modification. Although

many methods to accomplish the task exist, Figure 23 pre-

sents one method if utilized, after the initial driving

sequence, if the marker needs to be changed, repaired, or

removed no further use of a pile driver and its associated

support equipment are required. First, an 18 inch steel

pipe, acting as the male couple, is driven to the desired

depth in the soil. A guide line can be attached to this

fitting to help position the female coupling. The female

coupling, with the flexure element and support piling at-

tached, is lowered and mounted on its male counterpart using

ship's handling equipment. Once the flexure element and

support piling are in place, the navigational package is

installed. As indicated, if the structure is damaged or

needs replacement for any reason, the flexure element and

support piling need only be pulled off the male coupling,

repaired or replaced, then lowered back in its position.
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C. COST DIFF"' -R(NTIAL

Because of the addition of a large flexure element and

associated attachment flanges, the material and in-house

fabrication cost will be higher than the present system

costs. It should be expected that initial installation will

require more on-site time to position the male coupling and

set the flexure element and navigational package in place.

It is anticipated though, that the increased survivability

will, when compared to the standard system, make the addition

of the flexure element a cost effective modification.

Figure 24 compares initial costs and life cycle costs through

one collision of the standard system to the flexible system.
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VII. CONCLUSIONS

In exploring the feasibility of the CoTo fixed naviga-

tional system an experimental model test program was used

in an attempt to validate the results of a computer gener-

ated model under simulated environmental loadings. The

results were very encouraging. It was found that good

correlation between experimental model and computer model

was achieved from 0 through 10-15 degrees of deflection.

Beyond this range, for reasons enumerated within this

paper, correlation was poor. it was determined that the

results of the computer analysis could be used to predict

deflections of the full scale model under the influence

of the environmental loads.

Model testing has identified the D/d ratios coupled

wit the proper L/D ratio which allows for the desired "snap

through" behavior. Angles of rotation at which the "snap

through" occurs were also discovered through the experimen-

tal model tests. Computer analysis was of little value be-

yond the 15 degrees rotation because of the large divergence

of the data and therefore will not be used to determine the

"snap through" phenomenon when the element is scaled larger.

A. AREAS FOR FURTHER STUDY

As this work has dealt only with the "static" effect of

the calculated environmental loads, no insight was gained
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into the dynamic impact loading of this flexible structure.

It is recommended that a full scale model be built and a

series of impact tests be developed and implemented to

-b determine the impact reaction of the flexure system.

As indicated in this study, as the "snap through " occurs

and the local buckling, generated by the collapse of the

section of rubber, begins, new dimensions are being created

for the changing cross section. When this process is com-

plete, the resulting stresses and strains in this section

are very hard to accurately calculate. In turn, the calcu-

lation of the righting moment based on the newly formed

cross section and resulting moment of inertia becomes very

error proned. It is therefore recommended that full scale

tests be conducted in conjunction with the impacting test

to determine the systems reaction to the complete heel over

of the marker's structure.

Any modification of the traditional pile driving se-

7. quence creates problems that cannot always be foreseen at

the system analysis level. It would best serve the imple-

mentation of this system to allow the alternate pile driving

scheme to be reviewed by the crews of the tenders with

experience in handling such cumbersome tasks.

4
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MORSE marine tend~euing prdo s ]a

' oA

INTRODUCTION figurations to satisfy the requirements of a variety

Rubber has several properties which makes it an of applications.

ideal material for use in dock tendering systems.
It is an elastic material which will undergo a defor-
motlon under load. will absorb some of the energy
of impact and will return to its original shape when
the force is removed. Rubber fenders. for all prac-
tcall purposes. are considered to be maintenance
free. Their large bulk combined with modem com-
pounding techniques make the fenderS almost
impervious to the effects of weather, suniight.
ozone, and salt water. The large variety in types of
fenders available today and the many different
ways they can be installed gives the designer a ENVIRONMENTAL EFFECTS
great deal of freedom in designing a fnd.-ing As a fender, rubber will be exposed to the of-
system. fects of sunlight. oxygen, ozone, temperature

Rubber is a member of a class of materials de- variations and salt water and. in some cases, to
scribed as high molecilar weight polymers: other me additional effects of industrial chemicals.
members of this class being wood. ceilulose, plas- Black rubber fenders are effectively protected
tics. and resins. The distinguishing characteristic from deterioration by sunlight because the carbon
of rubber is that the molecular chains are more black fillers Olock out the ultraviolet radiation. Light
flexible and become elastic when cross-linked colored tenders are more susceptible to oxioation
through the vulcanization process. The greater the that is initiated by ultravioiet radiation. Elevated
number of crosslinks in the network, the greater temperatures will accelerate the degradative attack
will be the resistance to deformation when a force by both oxygen and ozone. There are some factors
Is applied. Reinforcing fillers such as carbon black which will minimize these effects.
when added to the rubber will further increase the

~O resistance to deformation.

ET)
First, protective agents are incorporated in the

Hardness meaurements are one of the basic rubber ,ormulations. Second. the fenders are not
methods used to characterize rubbers. It is essen- subjected to an environment of elevated tempera-
tially a measurement of the degree of elastic de- tures. Third. oxidative attack can take place only
formation produced by a specially shaped indentor on the surface of the ruber and, because of the
under a specified load and is. therefore, related to large cross-section of rubber in these fenders, the
the Young's modulus of the rubber. Tensile stress- overall effect is negligible.
strain properties are another method used to Ozone attack of rubber is becoming a matter of
characterize rubbers and are used frequently for increasing concern as concentrations of ozone
specifications and quality control during manufac- in the atmosphere appear to be increasing each
ture. The load-deflection curves for ruober in ten- year. It requires only a concentration of a few parts
sion and compression are approximately linear for per hundred million of ozone to crack unprotected
strains of the order of a few percent and values for rubber in a matter of weeks. However, there are
Young's modulus E, can oe obtained from these some characteristics of ozone attack which again
linear regions. make its effect on fenders negligible. A certain

Although an elastic material. rubber is con- minimum tensile strain is required before ozone
sidered to be almost imcompressible with a mod- cracks will appear. This minimum strain :s about
ulus of bulk compression similar to that of water. 10 to 20%. the cracks forming perpendicular to the
In order to act as a soft spring in compression, the direction of strain. In compression, the rate of
rubber fenders must be given the opportunity to ozone attack is slower by the order of a hundred
bulge laterally. Fender shape must accommodate times than when in tension. Again, ozone attack is
the movement, resulting in different physical con- a surface problem and will have drastic effects on
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avin cross-sections and almost no effect on large liquids such as oils, solvents, and fuels will sari-
croes-sections. ously degrade rubber fenders. However, an occa-

Some types of rubber such as "EPMW and sional spill will not be harmful because the amount
."Sutyi** are inherently resistant to attack by ozone. of liquid absorbed is proportional to the square
Other rubbers commonly used in tenders Such as root of the time the liquid is in contact with the
"Natural" rubber and "SUR' will require the use rubber.
of protective materials in !he formulation in addition In terms of resistance to chemicals, rubber is
to the careful design of the part to minimize areas considered to be inert in most instances. it is re-
that will be subjected to tensile strain. sistant to salts and alkalies and most acids. the

Fresh or saft water will not have any detrimental exceptions being concentrated sulfuric. nitric and
effect on the rubber even if the fenders are to be chromic acids.
immesrsed for long periods of time. Hydrocarbon

ELASTOMER PROPERTIES CHART
PHYSICAL NR ISBR I CRN I EPOM I IIR NBR
PROPERTIES R:UBER STYRENI NEDPRtE PCiYLENE O Ii41Wi

POLYMR
SPC .3..9R9 123 .86 .5 1.00

OuROMET90 30-100 3010 40.9s 20-9O 30-400 30-i0O
RANGE

?U4IE~ 4000. 3000 3000 2500 2000. 2000

ELONGATION 1.) TO 700 Soo TO Coo TO S00 $o0 TO 700

RETIANc EXCft.LeNT &300 GO0D FA) R 000 0000

WSISTACE FAIR FAIR 0000 EXCELLENT ECELLENT FAIR

RESSTNE POOR POOR 0000 EXCELLENT' EXCELLENT POoN

WRESSAC EXCELLENT EXCELLENT FA4P EXCELLENT EXCELLENT 0000

RESISTANCE

RESSTNC POOR POOR C000 POOR POOR EXCELL.ENT

iw cMAmo POOR POOR POOR FA IR POOR 0000I, -

BRITTLE -CO -00 -4 -to -
*POINT OF) .___0_ __0___

STIFFENING -4 3 1 3 I 14 . ~~~POINTI-F AVG.).2-0 -3-2-0

COMPRESSION G000 G000 FAIR FAIR FAIR 0000
SET

111F FAR 000 0000 EXCELLENT EXCELLENT E)CELLENT

3 30 F POOR POOR POOR FAIR FAIR FAIR

4490 F POOR POOR POOR POOR POOR POOR

GASI4AI~T 0000 FAIR 000 0.000 EXCELLENT GOOD

ARSIONE EXCELLENT EXCELLENT 0000 000 EXCELLENT 0000

REIXAC EXCELLENT G000 0000 0000 0000 FAIR
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DESIGN characterstic. of the buckling fender are
that it requires a relatively large ioad to initiate any

Monte mantufacturers three basic types of fe- deflection and only a small additional load to col-
derl; extrusaons. buckling fenders and shear fen- lapse the fender to full deflection. After the tender
ders. is collapsed, any further deflection will require a

Extruded fenders will normally have cross- sharp increase in the load. The fenders are do-
sections that are either cylindrical. rectangular or signed to buckle in a predetermined direction. The
Iriangular: each having a hollow bore to increase bucking fonder then can provide a so-called -soft"
the defletion for a given load. tendering system for large loads by absorbing large

amounts of energy at a given deflection compared
to fenders used in compression. Buckling fenders
must be restrained from undergoing lateral move-
ment in operation as it will reduce their effective-

70 Fness. Below is a typical curve for a buckling
fender.

When a curved surface of a rubber fender is
compressed against a rigid plane. the stiffness gen-
erally increases as the area of contact increases LOAD

during deformation. The load-deflection charac-
teristics then are non-linear. For a hollow section
there is a sharp increase in stiffness as soon as
the amount of deflection equals tthe diameter of the
bore. oIPUCLcOri

Extruded fenders work well in aoplications where
the loads to be absorbed are not so large that the Shear fenders consist of rectangular blocks of
required deflection exceeds the tender's capability, rubber bonded to steel end plates and are de-
They also are ideal for rub rails on tine hulls, docks signed to react to loads in shear.
and concrete walls to prevent damage by scraping.
A typical load-deflection curve for a cylindrical ex-
trusion is shown below.

011MA.ICTION

The "buckling" fender has several advantages In addition to providing a "soft" tendering sys-

over the extruded type of tendering. It is based on tem such as the buckling fender. shear fenders
a buckling column principal and is basically a have some definite advantages over buckling fen-
molded column of rubber bonded to steel end ders. The deflection of a shear tender is not limited
plates. to one direction: therefore, the designer need not

be concerned with restricting those forces that are
not normal to 'he dock. The snear tender will ac-
commodato loads not normal to the dock and can
even function when in torsion .r compression. If a

-, deflection greater than the design limits of the in-
dividual shear fender is required. it can be obtained
by bolting two or more fencers together. The
typical load-deflection curve for a shear fender is
linear which illustrates that a shear fender does not
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exhtibit a sudden resistance to additional load as 2. It could be a new or existing facility that is -

happens with extruded lenders and buckling col- strong enough that horizontal docking forces
umns (compare the representative deflection on it are secondary to vessel hull reaction
curves) force limits.

-.... .. 3.ft could be a new facility, open dock or dol-
phin. built on jacketed piles and requiring

* the most efficient and economical fendering
$~te possible to provide docking for large

LOamos*

Although the formulas used are the same in each
I.5MTKN case, the values assigned and the unknowns cal-

culated from these assignments will require carefulCALCULATIONS evaluation to determine priorities in each individual
When a fender system is to be designed. it wigl Case.

usually fall into one of three general categories: To insure that the key factors are taken into ac-
1. It can be an existing dock that is to be in- count, a table listing pertinent items is Included.

proved and upgraded to more modern It should be filled out as completely and accurately
standards. as; possible as the first step in design.

ITEM UNITS VALUE OTHIER UNITS JNOMOGft.Pt

VESSEL DISPLACEMENT LONG TN. KI PS(MG. TNS.x2.24) 4

VESSEL LENGTH FEET METERS (FTx.30S) 2

VESSEL BEAM FEET METERS (FT. x.309)

VESSEL DRAFT FEET ME1ERS(FT. x30S) 142 -

ALLOWABLE HULL REACTION KIPS MET.TN (KI PSX.453)

ALLOWABLE DOCK REACTION KI PS PAC. TN.(KPSx.4S3)

APPROACH VELOCITY-MAX. VF. FT ISEC MIETISEC (F7SECx 3

APPROACH ANGLE CK DEGREES NONHE 3
CCEFFICIENT OF; ECCENTRICITY NONE USUALLY 0.5 BERTHING COEFF I

19A FENDER SELECTIONCHR
MAX REACTION (FROM ?ASL E I
LOWEST REACTION -HULL OR DOCK KP

2 CALCULATED ENERGY "E F P
(RMNOMOGRAPH 4_ I4)____________________

*3 1DESIGN MAX. R T KIPSIFT KIP

4 PRELIMINARY FENDER SELECTION

5 RIE OF FENDER (FROM FENDER APP.
CURVE AT DESIGN DEFLECTION )- - - - -

6 LOAD"R OF FENDER ,T DESIGN OEF
- (FROM APP CURVE) KIPRS- --

7 ENERGY 'E" OF FVtiDER AT DESIGN DEF
-(ROM APP. CURVE)_ 0- KIPS

8 QUANTIT Y OF FENDERS REOD. TOMEET -
tA~ TEMI PTEM 6

9 UNITY OF FENCERS RECD. To MEC

- ENRGYABSORPTION I'TEM 2 /l'EM7
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The basic energy formula as stated by Newton it: VIM the hydrodynamic effect describes the dis-
1 placemeont of water moving with the vessel. A

£F - I MV' method for approximating the hydrodynlamic effect
2 is to assume a cylinder of water moving with the

E - nery o a bdy venl) imoion veswel that is equal in length to the vessel and of a
£ -Eerg of boy (vsse) ii moion diameter equal to the vessel's draft. NomographM -Mains-Weight! Gravity Constant -I will give a ready reference solution to the

V- Velocity of the body in motion formula:
This formula has been modified to include the

following factors in dock design: VIM - L P
A. Vessel displacement calculated and con- 4

verted to units of mass (M)
3. Hlydrodynamic effect of water moving with Where P is the density of water

tMe vessel and pushing it (Two methods out-
lined)

C. Velocity component at go. to the dock _____________

facility WATER CYLINDER TECHNIQUE
0. Coefiient of eccentricity or berthing coef-uv

ficiont EWATER
E. Coefficient of facility construction WATERVESE

WEIGHlT LENGTHThe working formula therefore becomes: ON' ESL 23 700o

(WT DRAFT 2200En! -) (Vn Y(ME) (CC) 21 W0 21

W7  WV + WC + Wft 20,0 I0
180-550

ro ~Where E - Energy to be absorbed by the30-7&Ufendering S
WT - Total effective displacement 160

(converted to Kips) 0 1W450WV-,. Weight of the light vessel (con- .0I
vetted to Kips) m

vndto Kips) 1200.I
W I- ydrodynamic effect 40' 11M -I350
9 -Gravitational constant 'X

V -'eoiyof vessel normal to the -001 1000'-300

CE - Coefficient of eccentricity or 60-5
berthing coefficient So.70

CC = Coefficient of facility construc- -20qC6
bion

Note: I Kip-1000 pounds 010

Determine the total mass M: the mass of the 00i W4 1
empty vessel plus the mass of the cargo plus the
hydrodynamic mass. N.

4fU
g W it th egtOf the vessel light or empty.

INW1 is the total effective displacement convented The maXimum value for the Class Of Vessel to be
to Kips. It can be determined by either of two docked at the facility should be used. Usually ox-
methods: pressed in logtons, or metric tons, this value

1 0 should be added to wC which is the DWT (Dead
~* W-WV+C+WHweight tons) of cargo the vessel is designed to

WT _W + WC+ WNcarry. Since all units in this guide refer to Kips or
metric tons, long tons must be converted to Kips
by multiplying by 2.24
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An aftermate method for determining WT.. the A third school of thought states that W14 neew
Sltel efecive displacement. is: no be onidered wihoe ok osrcin

2. WT - (I +~ (WV +WC) strucuon of Ports and Marine Structures (2nd ed.
Page 384) states -When the vessel is berth!ing

WhS~1 20against an open oor or dolphins on plies; where
-)esi I A the hydrodynamic coeficient theret is little obstruction to the water moving witha the ship - additional wveight may be disregarded.

and Mau is determined by dividing the total equtv-
* 0- Draft of the vessel aleont weight WT by the gravitational constant

8 -Seam of the vessel g - 32.2 ft. per sec. for English units
Since 0 and 8 have the same units, the coeffi- g - 9.814 meiters per sec., tor metric units

dient is dimensionless and can be used with any V.: The velocity normal, or at a right angle to the
units of weight. Use of Nomograph - 2 is can- dock aice or breiasting line in the case of dot.
venlent tor determination of this coefficient and has phins. is the only velocity component used in cal-

0 an 8 n bth eetandmetrs.culating the berthing energy load. V. is further de-
fined and illustrated in the sketch below. Even
though the vessel may dock under its own power

V. COSTA TECI4Ntu or be tug assised, V. is always the vector 900 to
the dock. omoograPni No. 3 gives values of V. inVESSEL VESSEL both feet per second and meters per second forDRAFT KAM approach angles up to 300.

WVDAUIPNMIC 70
S4I~IPUER 22

APPROACH FORWARD
ot2 20 00VELOCITY VELOCITY

' 40
3 APPROACH

4 2 A 1 5 11, ANGLE of
4 A

2t %
Ia.7, .3

22W
as. 20ANGL

hI ft..22

IdI

Me. 3
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MOHUSE tendering design -o

V. - V, Sina Ellipse (K' L/4)0 Wher: V, - Velocity of the vessel relative to the dock Vesse" approx.
a - Angle between V, and the dock face (90' or leow) shape
ole" the approach angle

When a un i ! vese calckst unde thes pown Power.c thth
V,-Vessel Heading and a is approximately equal
toteheading angleTocluaeAthponofotctwhte

ththagorea

+2 '(eesec above)

From many calculations on many vessels. it has
been determined that CE can be related to the

point of contact with the dock and relates as fol-

When a vessel is tug assested in docking. V, -900 (no gy use to rotate
7to the Vessel Heading and ak is approximately the a vSoel about Its C. 0.

I) Compliment of the heading angle

CE.- The coefficient of eccentricity, or berthing- - -coefficient. as it is sometimes referred to. takes into
account that the vessel does not always berth with .2 -

its longitudinal axis parallel to lhe (lock face. in
moving to this position from some angle. the yes- 1 --
sW rotates about its center o1 gravity (C.G.). This 0 AL .2L. .3L. .4L .4
rotation UGs Up Some of the Kinetic energy that d in terms of L.
would otherwise be taken by the dock tendering
it the vessel contacted parallel to the dock and at From observations of many dockings. CE has
the midpoint of the vessel. Therefore if a vessel been found to average 0.5 and urtiess specific in-

- -makes initial contact with a dock at something formation is known about docking conditions and
Other than parallel closing. not all af the energy vessel configuration. this value is generally accep-
needs to be absorbed by the fenders, The amount ted.
of attenuation is relative to the geometry of the Cc.rocefceto cntuto dut h
tact winh the dok. atwhc maital xpesedas value of energy to be absorbed based on dlock

tactwit thedoc. Mahemticaly xpresedas:construction. Some typical values for Cc are listed
Ict A below:
K'~ Jacket pile (open construction) -1.0

Where K - Radius of gyration of the vessel Continuous wall or she pile-O.8
A - Oistance between the vessel's C. G. and This coefficient has not been included in the de-
te Point of impact with the dock sign of Nomograph 4 (shown on page 8) for de-

If a vessel can be assumed to be an ellipse, then termination of berthing energy, therefore, the
L designer shoutld choose a -value using the above

X or 0.25L examples as guidelines and insert it into his final
4 calculations&
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tenderi. isolosi

-FNE SELECTION.

Ust all petnntifrmto.prTftI(honopp4

V ENDEL RAF FETELECTIONES(T.x30)

STEP 2SE

det aerinent dination per weta se d b FrmNoorph3(hown on page 4) r sn

Me ~ ~ UNT VALUEyami OffeER UNITS ft orul Yn- FSi
* VESSE DISPLCEMENT ONG TN -5,0 L .43 ftPL.Ns.x. pic

VESSEL ~ ~ ~ ~ S LEG4FE ~OF.MTRCTM35
VESSE BEA WVE +S INC + Ptmnie O thingFenergy:

VESLCAT 4 ET S T METRCT~3S

LOWBL HLL EATIN US 0 E (CpE) (ECTCIP5)

STE 2 STP g
Dtine - h totpalc ethplng wergct.un To a. determine the oal berthing neciy, value

ampveh ae ylne hiuewleu t e Frmvale 1f CE wil 2.5 assumed obe. ag

determine ~ ~ ~ ~ ~ ~ ~ ~ i the addiiona berhin weygut casoby Fo Nomograph (shown o ae6.o sn

the hydrodynamtcceffect.sThm:nts must be mads, in thi

Misalu fom omorah 2(shwnan ago6) Noogrph4.,1 - 0.43 andsec pi-ck000

methos fobanigWC.T L Deeren theare beahn energy:osq~
of tis smpl calulaton.E 70 Ft.Kip
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WT a

100 300 - s-
1.

2.000.000 ooooo 1.

400000 100 
1.2T

a 0001.1

3000 .30

5000

500000- 3 400

aoo00000 300 . -2

200
-150 000 .7-

3COO - 15 IS.-20

100

100000
200

71000 30 40 .51

2 30

20

100000-11

-0000 10 -1

70000O-
30000 4

s
_25000 4

1O00 38
2 3

20000

I~

10000 1 
1 .5 wo

20 3 ~

L SSO.

1000 *a$ .. I-
200.
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MORSE Indilmuu **loosen -.

STP5 STEaP
11seering to thw example in Table I (shown on After studying the R/E curves for Mors tenders,

page 4). determine the maximum R/E acceptable, list all tender selections that meet the R/E specufl-
From Table I it is seen that the limiting factor is cation ot 1.42 or less at the desired deflection. For
fte allowable hull reaction. That value is 1000 Kips. this example, the rated deflection wil! be assumed
Therefore. to be the design deflection, however, other systems

R - 100 Kpsmay be designed to have specific deflections other
Prom. the previous stop using Nomograph 4: (shown than the rated deflection.

* onpage10)Looking at the application curves tor R/E. the
E - 70 KipSfollowing tenders are found to have suitable values:

The ratio then is: 120 Shear Fender 33" Suckilng Column
100 ipl14" Sheer Fender 48 Suckling Column

R 100KiP -1.42. maximum allowable 16" Sheer Fender
E 703 Kips value.

nTo 7
Pill in the tender selection chart.

FENDER SELECTION CHART
MAX. REACTION (FROM TABLE 1
LOWEST REACTION-NULL OR DOCK 0 IS

SCALCULATED ENERGY "E"
- (FROM NOMOGRAPH N 4) 7 3 FKP

3 DESIGN MAX. 7 IT !M ~ 2 KIPSIFTKP0 PRELIMINARY FENDEER SELECTION 12 S.F 1"..F. b WS.F. 33*B.C. '18 B.f
RIE Of FENDER (FROM FENDER APP .3 11 .8 10 6

CURVE AT DESIGN DEFLECTION) I 9 .0 6
6 ODR OFFNE AT DESIGN DER. 1Z. iaps 17?II2.5 ktps ^4 His 31IAS

_____ NERGYE'"'OF FENDER AT DESIGN DEF o pl~ ~ 2~ i~~ ~tK
7 (FROM APP CURVE) FT KIPS -ot~p -5t.p -2tX42f~p - -.

8 QUANTITY OF FENDERS RE'D. 10 MEET So S8.8 ".b.5 47.b 2b.3

ENERGY ABSORPTION: ITEM2/ITEMUNTT OFFNESRa.T i 0.3 41bq '? 3.0 33.5 11.1~

This chart allows tor up to five possible fender as noted, a study can be made to determine the
selections. By filling in the values from Table 1. best tender for a specific need. (See sample data
calculations, nomographs and application curves taken from the 14", shear tender application curves.

Shown below.)

--T7
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After the fender selction chart has been filled LONGITUDINAL FORCES ON DOCK
out. review and consider such questions as: FACES

A. What configuration of fenders suits the do- As a vessel slides along a dock face in berthing.
sign? it induces longitudinal forces due to friction be-

a. What safety factor should be used? tween the vessels hull and the dock face. This
C. How will fender selection affect maintenance? longitudinal force on the dock can be calculated
0. Does the design require omnidirectional using the formula:

capability? FL m p N
Note: See longitudinal force section (shown
on this page). Where: FL - Induced longitudinal force

Although 27 units of 48" buckling column would u - Coefficient of friction between
meet the load and energy requirements. 47 units dock face and vessel hull
of 16" shear fender would divide the load on the N - R minimum
structure into much smaller segments and would
induce significantly lower shock as a reaction to In the sample calculation, if the dock was oak
high load levels. This illustration considers only and the vessel was steel.
part Of the variables normally encountered in a do- U - 0.33 and substitution would yield
sign problem. Since a complete analysis of all vari-
ables is beyond the scope of this manual, the de- FL - Rmm
signer is left to choose the Morse fender best FL - .33 (1000 Kips)
suited to his design requirements. FL , 330 Kips

Assuming this to act at a 450 angle. the load
ALTERNATE METHIODS OF (plus a safety factor) must be taken by chains orDETERNING METOAL O G other restraints if buckling columns are used or by
DETERMINING TOTAL BERTHING shear fenders directly without restraints.
MG (WT) Assuming selection of 14" shear fenders, the

oblique load deflection curve shows:

A. WT - WV + WC (No hydrodynamic effect 330 Kips _ 5.59 Kips Load/Fender
considered) 59 Fenders

WT - Displacement - 150.000 tg. tn.
1 t(2.24 Kips) 33.00 Kips This load would deflect the dock face 7.5 inches
150,000g. tn. .g. tn. according to the oblique load deflection curve for

14" shear fenders.
Similar evaluation of all fender selections can beL WY - (WV + WC) (1 + 3-) (vasco Costa made using the appropriate curves.

8 Technique)
2x so

- Displacement (0 + 2-"Wr 150
• 150.000 Ig. tn. (1.75) (2.24 Kips)

1g. tn.
- 568.000 Kips

C. WY - WV + WC + wN
. Displacement - WH

- 150,000(2.24)- T(56Y(1000)(62.4) x I Kip
4 1000 lb.

, 489. 691 Kips

Compare this value with 490.000 Kips obtained
from Nomograph 2 (shown on page 6).

Morse does not recommend any one method of
calculation of W-r over another.
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THE MORSE SHEAR FENDER load until the now fender is installed; again, with

Consider how these special features will solve just eight bolts.
difficult design problems or allow new freedom of
design in dock structures. UNIFORM LOAD TRANSFER
OMNIDIRECTIONAL Shear Fenders may be placed over the entireITN face of the dock, from top to bottom, allowing

A Shear Fender can stretch in all four shear di- more uniform transfer of berthing loads to the dock
rections, plus take large compression and limited structure. This eliminates high load concentrations
tension loads. This feature allows for wale move- caused by only a few points of load transfer be-
mert away from the dock. into the dock. or tan- twen the wale and dock structure. An added fea-
gentlal to the dock as a berthing vessel slides ture of this type of dispersion of fenders, is the
along. In compression, the fender can be used fact that berthing loads are always taken at or near0 alone or in tandem, bolted between a wall and a fender, eliminating overloads due to torque.
wafl. Tension and compression loading allow the The following pages contain dimensional data.Shear Fender to support the wale. assisting the mounting recommendations, applcation data,
pile or chain supports. This Is truly a unique fe plotted both in metric and English units. and some
ture of Shaar Fenders. typical installation drawings. Should other data be

BUILDING BLOCK FENDER required, contact your nearest Morse Service Cen-
ter.

No other dock system can be tailored to meet
the specific requirements that Morse Shear lenderS
provide Shear Fenders can be mountea in varying SPECIFICATION: SHEAR FENDERS
density, allowing up stream or windward areas of The Morse Shear Fencer shall be an assembly
the facility to be stronger than the other sections. consisting of:
Only one size Shear Fender needs to be used. This 1. A rubber shear block made of ASTM 0-2000
has a direct beanng on tne economy of construc- NEOLASTIC rubber and meeting the fol-
tion and also reduces future maintenance cost. lowing ASTM test values 5AA425 Ai3 Bt, Cao

DURABILITY Fir Kii Lv.
2. Metal insert plates embedded in and bonded

Each Shear Fender is tested before shipment, see to that block. such piates being completely
photos, to insure long service life. Most cases of encased in rubber for corrosion protection.
failure are due to on-sight mechanical abuse of the Design deftection shall be __ _ In. or Cm. (Se
rubber shear block, not end plate separation. The Product Data Curve)
durability of the mechanical and chemical bonded Design Load (Reaction) shall be - Kips or
end plates hve been proven over years of service Met. Tons (Sea Product satl Curve)

',by hundreds of fenders. Mt os(e rdc aaCreDesign Energy Absorption shall be .Ft
EASE OF SERVICE Kips or Met. Tn. Mets. (See Product Data)

A Shear Fender can be replaced by removing Maximum Overload Expected to be KipS
eight olts. No need to ,nterrupt service, because or Met. Tons

01~ Shear Fenders are building blocks. Removal of one Specifications subject to change without notice.
Shear Fender for replacement does not incaoacitate Certified prints provided with quotation on re-the facility. The remaining Shear Fenders carry the quest.
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mum.MORSE shear 'fenders
14-

10"9 SHEAR FENDER *Part No. E46496 UPT365

16 LE MAfL: NEOLASTIC RUBBERt

ii '6ASTM D-2000
4 AA425 A 1 9S3C2 Fj7N L14

44NIGRCMMNAIN

ONIXAS SRUCURA WDE LANE SEM S' VE1OA

CORROSIONG PROTECTIDNTIONS

STnDAR.45 WSRR WASHERFAG 4BAM 8 OELA

PLATE RO~D(OPTIDETAIL

MORSE SHEAR FIN4DER E 46496

DOCK STRUCTURE TYP (FIXED)

1O"SHEAR FENDERS
WILL SUPPORT 2 KIPS
IN COMPRESSION WITH

INCH m. .O NOTICA1SLE CHANGE
INCHCm. IN THE SHEAR REACTION WASHER PLATE DETAIL

W/IG IA3 1/S STEEL STOCK

sa .59 4 REO0. I FENO!R

4 10,16
4 10 25A0

I I*5/6 29.S3

11-14QOI I~S



II

MORSE he-. fn.. ' -

0 10" SHEAR FENDER
STANDARD APPLICATION CURVES

INCHES INCHES
2 4 6 a io 12 14 16 1I 20 02 4 6 8 ;0 12 14 16 Y 20

10-------------* a I003 Le II
- I£  : , !

oI 4 - - -"2~ ~ .25
0c w

3:zi0 1 IIEO L42]--
0 510 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 4045 50
Cm Cm

DEFLECTION DEFLECTION

AUXILIARY APPLICATION DATA STD.

EFFICIENCY IN STANDARD SHEAR LOAD 450

4 USE LOAD

CO,.,ESSION STD.
LOAD ILCURVE

3 USE*I0 3LCU E

£00

0 2 4 6 8 10 12 14 IM 1 20
INCHES DEFLECTION

LOAD IN COMPRESSION LOAD AT 45*TO90* OBLIQUE
INCHES INCHES

2 20 2 4 a 0 12 14 s 20

12

144------

1 8 - - - - -- t7@-

42- -- 2

10 - - - - -I I I

S DEFLECTION DEFLECTION
S 4 C 8 10124 0 0 1 0250404550c Cm
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.17.

.-- MORSE - .uear to.,re

iS*: \ 12" SHEAR FENDER * Part No. E46498 UPAT,7,6U

WT:t70I. .
-S OLES MArL: NEOLASTiC. RUBBER

ASTM 0-2000::  ,A4 I %C C20 F(1 K1 L14

". JI I"' --.--.--

12

MOUNTING RECOMMENOATIONS "

12x12xASS STRJCTURAL WIDE FLANGE H SEAM OX4 OVERLOAD
"SLOIFT 42-7/S"L.ONGu200l*.MAX. DEFLECTION BUMPER

BOLTS 8) 1/ U Ni(OPTIONAL
-LTS ()1/C2 UNC-2A X 2 LONG
CORROSION PROTECTION REa0.
SAE GRADE 5 TQ TO 5OLS FT

STANOARO WASHER OR WASHER
PLATE REOO.(SEE DETAIL)

MORSE SHEAR FENDER E46496

DOCK STRUCTURE TYP (FIXED)

•12" SHEAR FENDERS I X 2
WILL SUPPORT 3KIPS " " i
INCOMPRESSiON WITH

INCH Cm. NO NOTICA&LE CHANGE
IN THE SHEAR REACTION WASHER PLATE DETAIL

5/8 1.59 II'S STEEL STOCK
I/IS ,.7s 4 REQ'D., FENDER

S 12.70

12 XOAa
13-7/6 35.24

1615A /1 43.02

1-7/81 47.14
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p MORSE

Q 12"9 SHEAR FENDER
STANDARD APPLICATION CURVES

INCHES INCHES
6 a 12 16 20 244 a 12 16 20 24

1.5

1-- - 6 1 j -
102 30 05 60 0 100 0 0 l i -

Cm Cm
DEFLCTIO 3ELCTO

'A -;, OA LOA1D

EF UCI ICY IR SAPPDA TIO S ATASD

4 ~USE LA
COMPRESSION 1

LOAD CURVE

XI I GLIQUE

T CURVE0

'AA

0 4 s 12 is 20 24
INCHES DEFLECTION

LOAD IN COMPRESSION LOAD AT 45T7090* OBLIQUE
INCHES INCHES

4- 2 3 4 6 70a9 a 12 i 20 4

10 5

02 61 2 6802 010 2 0 4 0 6
Cm OFLETIONCm EFLETIO

IG 7 a4

- . - . . I



.mmpMORSE sheare ledo"

14"9 SHEAR FENDER *Part No. E46500 ..s PAT,3.T=.U

P - - 4
2 "

14x",.45 14"SHER FNDRWE FLNG P Hr BEAM 450 OVERLOAD.

DOLTS~ ~ ~ -SN5OULESA112=

STA NDA RD W AS HE O RA S I C

PLATE RQRECOMMENAT IDTSI

DFLANGE SEAM 0,, OVElXEOD,'i 4LIIFT S"I..OG. 2O*0.MAX. OEFt.£€, ION

CINORRSe PCOTECTION WI
INCH Cm. GRADE 5 TO I LSFT CHANG

31 1.9STANDARD WASHEARR ASHER W ... T AIL-i/-AE 1E.3O., TE DE L STAC

ORSE SH4 FENDER IEFENDE

1SE E ES1-d/ -0-.17.140,A.

IN- m. IN COIMPR ESSION WITH
['.' NO NOTICASLE,. CHANGE

[3' /4 1.91 IN THE SHEAR REACTrION WASHER P1.ATE DETAIL

4 15.24 i4 R ° FNE

16 55G 40.6,41'

;..['1$.3/4 50.171

22 55.881
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shmm afear tenders-

Q 14" SHEAR FENDER
STANDARD APPLICATION CURVES

UC14ES INCHES
4 11 12 1G 20 24 2S 4 8 12 1r 20 24 21

242

M0 T 20

2 23

a*O 100.006 7 1b020 0 0 0 0 0

CmH ID LECTIIN !1#'1 Cm II EF111 IiON lli#1

LVA
a..

SIL I
0 10 20lI -- -0 4 S 0 i 0I l t 0- 60 .7

L DEFECTMRSIN FION ON W DEF OLETION D IN

EFIIEC ICTNDRHSERS g

24-------------------I ll.ii-- -- -- ,o,.+

COM RSI O I! I I I ' l+, I  I I I !

hii

4 a - - I .o - -

O~~OL u , ,

0 . 10 .I 4 " G 0 1 1, S i 20 2 2 2 2-

Cm i1I IiI', I 1020 l 3040506 70

DELC HECIN DEFLECTION E

LOAD INCO IN LOADE OB86I I

1 2 3 4 5 I i 8 9 10 a 1 2 1 20 24 2
3 Is I i I

27 12 12 4 I

21 -./ 1"" l l l op

',I~ ~ !001I1.+

,Cm  0 I s 20 25 is° 10 20 30 40 50 60 70
. ODEL .ECT ION DE FLECT ION
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16"9 SHEAR FENDER *Part No. E46502 us. PAT. 3.163.6=2

MHNIN EOMEN AT N OAC 0UBE
I4X14 ~ ~ ~ ~ ~ ~ AT 04 SRCTRL20E0LN0 SA

9SLSIFT-- 57.A425 AO~20t MA3 DEFECI 3 20 ERN1LAD

CORROSTONG ROTECTION RIaN.

SAE GRADE 5 TO TO 170OSFT0

PLATE PEOO0 (SEE DETAIL)

MORSE SHEAR FENDER E461302

DOCK STRUCTURE TYP. (FIXED)

16 SHEAR FENDERS 112
WILL SUPPORT SKIPS a/

INCH ~ :N COMPRESSION WITHINCH ~ N C- N10OTICAaLE CHANGE ;4 7
7/8 2.22 IN TH.E SHEAR REACTION WASHER PLATE DETAIL

I5116 2.36 1/4 STEEL STOCK
7 477 4REO.1FENDER

Is A0.64'
10-9/19 47.1 5

22-5/6 57.471.
25-1/S 63.821

87

4A



MORSE2

0 16"1 SHEAR FENDER
STANDARD APPLICATION CURVES.

INCHESINCHES

20.

03. 
W

0, 
a2.5

1 '1a

12M4~Ils-- 90
49g

#A 105a

02 0056 6 0203040 06 70u 80
cm 506 0800 1 0 04 06 08

DEFLECTION DEFLECTION

AUXILIARY APPLICATION DATA

EFFICIENCY IN STANDARD SHEAR STO. .

COM4PRESSION1 AIIII III L ou c

00au

.0 4 S 12 is 20 24 20 32 'T1

INCH11S DEFLECTION

LOAD IN COMPRESSION LOADED OBLIQUE 4' SOLID LINE

INCHES INCHES 50* ASH4 LINE

40 1 - t'-'1'~ 25~4~

30--------------------0

2 - -- - 12 Is - - 6

320 -- -- 10 0

a-60
J0 10'

-- 4u g
00 0 0I

02 6 0' W S 20 2 4 13 2

0 24 96 012 4 60202241020 3040 50 6070600Cmn DEFLECTION m 0 
DEFLECTION
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monsm hoar fond es

TYPICAL APPLICATIONS0

SHEAR FENDOERS I" COMPRESSION

WOODE RUB AIL

SHEAR1"SEA FE#40ERS IN TANDEM P OPESO

!pftcI -AIL ON VERTICAL STRONGERS
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pa

Q TYPICAL APPLICATIONS

SHEAR FENDERS MOUNTED HORIZONTAL OR VERTICAL

"o WALE NOT SHOWN FOR CLARITY

:N FRONT VIEW

SEE MOUNTING RECOMMEKNDCATIONS
FOR ACTUAL SIZES OF COMPONENTS

(OPTIONAL)

R-RATED (DESIGN) DEFLECTION
165% OF NOMINAL SIZE

200% OF NOMINAL SIZE
(RECOMMENDED)

VIE .

09



MORS sho end re

TYPICAL APPLICATIONS

IHIAR FENOERS MOUNTED IN TANDEM

SEE MOUNTING
RECOMMENDATIONS
FOR ACTUAL SIZE OF

WALE NOT SHOWN IN FRONT VIEW FOR CLARITY COMPONENTS.
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MO.RSE., -I -

" The Buckling Column s. k e Sea Fedmer.s rengla rubrcouno -elsi r

atm..

Aa7-7

i an efficien defci on 25%rin detig e lectin 50%a monigpae ebeddin

BUCKLING COLUMN -

FENDERS-

GENERAL 60% deflection 701r dflction

The Buckling Column, like the Shear Fender, is rectangular rubber column of Neolastic ' rubber
an efficient device for absorbing berthing energy with metal mounting plates embedded in and
(loads) of large vessels while transmitting relatively bonded to the ends, to create an integral unit
low reaction loads to the dock structure. The Buck- that is resistant to ozone, sunlight. temperature
ling Column typo fender can be installed where the extremes. marine growth, wear, and abrasion.() spoce behind the dock face is limited. Solid walls. * Before shipment from the Morse Plant, each
where the Column is face mounted and supported Buckling Column is cycled (see photosi to insure
by pile or chain is an excellent example of a dock a product free from hidden manufacturing defects.
where all the energy must be absorbed between * Morse Buckling Columns are directly interchange-
the dock and the wale. For such cases. Buckling able with units of other manufacturers in the same
Columns are an ideal choice. size,

Suckling Columns can also 0e used in combi- . Sizes range from 12" to 48" with efficiency rating
nation with other absorbers such as Shear Fenders (R/E) as low as 0.64.
or Extrusions to take advantage of the features of
the various types of systems. Whlen used to its de- All metal s corrosion protected for long service

signed maximum capacity, the Buckling Column is We.

extremely efficient, but if overloads occur. trans- SPECIFICATION: BUCKLING COLUMN
mitled loads increase rapidly after the rated deflec- The Morse Suckling Column Fender. Part No.
lion is reached. (See application curves). For this (See Product Dimension Sheet), shall be an assem-
reason, care should be taken in designs whenr a bly consisting of:
gross overload could cause manor damage to a 1. A rubber rectangular column made of ASTM
berthing vessel or the docking facility. D.2000 NEOLASTIC rubber and meeting

Buckling Columns are designed to buckle in a the following ASTM test values 3AA725. Su.
known direction. This allows Columns to be mount- C. Fr. K,. Li4
ed in pairs or quadrant groupings to meet design 2. Metal insert plats embedded in and bonded
requirements. Sometimes it is more feasible to use 2. ta ins plates be i oded

a pair of smaller Columns in place of a single large to that column, such plates being complete-

Column. A pair of smaller Columns will transmit ae
lower load at two points of support yet in total will Design Load (Reaction) shall be - Kips or
absorb the same energy as a single large Column. Met. Tons (See Prod. Data Curve)
Thus, the load may be split while the energy ab- Deagnied Energy Absorption snall be _ Ft.
sorbed remains constant. "p or Met. In Mets. (See Product Data Curve)

Designed Deflection shall be - Inches or
C) Cm. to a maximum of ____inc,',s or Cm

THE MORSE SUCKLING COLUMN Specifications subject to change wthout rftle.
FENDER Certified prints provided with quotations on
*Each Morse Buckling Column Fender is a molded request.
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MORSE buekil., aelum, cIndere

U.6

12" BUCKLING COLUMN * Part Nos. E46003 & E46005

WT :45L.
MAT.L: NEOLAST IC RUBBER

ASTM D-2000
3AA725, B33, C 2 0 F17, Kll, 14

141
4 2

L Is

•~~~- ':zi . ?j __,; _ _

L -I -

. aJ ,'4 0
IMOUNTING RECOMMENDAT IONS

3, ANCHOR BOLTSIlF REaD. FACE MOUNT)
EXTENOING I. FROM WALL-TO TO 70 LS FT

BOLTS &WASHERS 
3

"UPIC"2A x 2LG
SAC GRADES TQ TOI7OLBFT

cORROSION PROTECTION RE'D.

WALE BEAM OR MUD PILE TYR.

INCH Cm".
1/2 1.27
3/4 I.51 NOTE: LATERAL DEFLECTION
JO 2.03 SHOULD BE LIMITED• .- i3/ir$ 2.06 10lBBT 30-16 Of N*OTED

1-iIG 3.02 DIMENSION BY CHAIN

4-3/4 12.07
9-3/4 17.15

17! 1II 30.446SA0

14-fiI 36.a3 s)
6 9403641

,. 93
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MORSE buokllng oolumn fendeor

0 12" BUCKLING COLUMN APPLICATION CURVES

DEFLECTION IN INCHES
.5 1.0 1.3 2.0 2.5 3.0 15 404.5 5.0 5.5 6I"'~ I I

I L' I i
01

I 2 3 4 5 G 7 8 1 0 II , 3 4 IS
Cm.

DIEFLCTION IN INCHES
"-0 1 .0 2.5 5 4.0 4.5 5.0 55 ;

4

IA..! 3
a. .4

"1 2 3 4 S 6 7 a 43 10 11 12 13 14 15j
Cm.

116

a.WI i'6005

at t46003

.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6

gtDEFLECTION IN INCHES

94
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2s -• 1~~~MO S bulilllng cotlumn |en4o "r ""

20" BUCKLING COLUMN * Part Nos. E46006 & E46010

MAT'.L NEOLASTICI RUBBER

A~MJ-2000
3AA 725,B 33, C20. F1, K L14

PART N - W T 3 5 C "E

64605 B06 S 10 16 6 1"J32 43/
i 46010 J22L,8.123AGI 1419 S"1,.

C

-201 12 (SEE NOTE) 14 1,_ DIA.

---- - -- 32

MOUNTING RECOMMENDATIONj

ANCHOR BOLTS (IF REO*D. FACE MCUNT)

WCTENDING 1 2' FROM WALL-TQ 10170 LB FT

BOLTS &WASHERS 3.-UtC-2A x2LG
SAE GRADE S-TO. TO 170 LB FT

CORROSION PROTECTION REQWD.

INCH . --WALE SEAM OR MUo PILE TYP.

13A. 9 2.0--TIMBER WALE TYR,

1-3/ NOTE: LATERAL DEFLECTION
3-3,,4 9.53SHOULD BE LIMITEo

4-3/8 11.11TO 301. OF-..- By
2-1116 2.61CHAIN

,- 20 25.4,

2314 2.7

90
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Mons=

I:0

20O9BUCKLINQ COLUMN APPLICATION CURVES

DEFLEC? IO IN I"C"#S
-

33-

a14

20 CA lo.0 2 1 6 I 0 4 2

20- 124 5 ~l

1 4--*---~ - -. 4 461 .

0

2 4 6 6 10 12 14 16 I6 20 22 24 26
Cm.

a2.

~~440 1 7 a 0t

1.40

96
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33" BUCKLING COLUMN Part No. E46011

WT: 246 LS
mArL: NEOLASTIC RUBlern

ASTM D-20003AA7258333 ,C20 ,F. 7,X 1 ,L

l10lA..1o HOLES

,t"-n----

11 '
Is

3~ 112
a S Ip-

MOUNTING RECOMMENDATIONS

I" ANCHOR DOLTS (IF RECO. FCE MOUNT)

TEIENOING 211, " FROM WALL -TO. TO 300LB FT

BOLTS &WASNERS T%-UNC-2A x3"
SAl GRADE 5-T. TO 300 L FT

CORROSION PROTECTION RIQO.

WA'E SEAM OR MUD PILE TYP

INCH Cm.TIMBER WALE TYP

1-21/32 I.21NOTE: LATERAL DEFLECTION

1-3/4 4.45SHO0ULD BE LIMITED
TO 30"1, OF NOTED

5 12.7DIMENSION bY CHAIN

14-1/4 3 .

9'7



FA090M buokting sountndevs

Q 331" SUCKLING COLUMN APPLICATION CURVES

CEPLICI ION IN INCHES

3: 1 2 345 7 89 10112 ,1 1 S10 1619'

2 :: II I II I I A 3
2 . 1?
24 11

20

4

Z

005 10 is 20 25 40 45 4

DEFLECTION IN INCHES

42.

22 980

* . . 2



MORSE buweklmu 00umen fndees

"'S -. .12-2-A

48"9 BUCKLING COLUMN * Part No. E4601 8

'WT: 6SIL.
MAYL: NC0LASTICO RUBBER

ASTm 0-2000

3AA 72 S.8 33. C F 0 7 K ilL 1

IDIA. - 0 HOLES

-202

32

4411

-1ki I2)TE

MOgUNTING RECOMMENDATIONS

V* ANCHOR BOLTS (IF 111101 FACE MlOUJNT11
EXTENDING 2V FROM WALL-TO. TO 300 LBFT

,WLTS & WASHERS 1-UNC-2A x 2IWLG
SA I GRADE 5 -TO. TO 300 LIBFT

CORROSION PROTECTION RIEWD.

WALE BEAM OR MUD FILE TYP

E I NCH 
cm.TIM 

UER WALE 
TYP 

~

2 5.09NOTE: LATERAL DEFLECTION
3-o/2 4.89SHOULD BE LIMITED
,..,2 0 30*1. OF NOTED

17.76 DIMENSION Of CH4AIN
14 35.56 - - -- -

99
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II

-pv

DEFLECTION IN INCHES
Go 24 6 a To 12 141Is In 22 2.

410

OS .

*0 5 10 1520 2530 3540 4550o55 0
Cm.

DEFLECTIONH IN INCHES

I 2 4 * a o 12Id 166 202202
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0MORE

FOR
SHIP

SHORE

EXTRUDED FENDERS
Extruded fenders are one of the most widely ened to 1200 Included angle and lubricated with

Used forms of fender Protection and come in a water or green sap.
wide range of sizes and shapes. Although relative- Standard extruded fender tolerances are + 4%
IV Inefficient when compared to other fender types, on outside dimensions. +6% on inside dimensions.
Extruded Fenders are the logical Choice where on lengths up to 5 feet. and +1% on longer
structures are rigid, where the relative motion be- secion up to 20 feet maximum.
tween rubbing surface and fender is lateral, or The standard material for extruded fenders is
where vessel size is small and the energy levels Nolsii, rubber with a durometer of 70. 5.
"ow. however. special stocks can be provided. Consult

For this reason Extruded Fenders are found in Morse Service, Center for availability.
both dock applications and as bumpers for tugs. o 9 om unfretuddf-

bargs, orkboas ad lrgerPlesur crft.Ex-ders is resistant to oil, sunlight, ozone, temperaturetru.ed fenders perform their Protective function by extrems abrasion and wear. It mes the follow-
acting as a soft interface between a vessel and ing specifcations MIL-R-3065-S. R.S. 720-ABD and
dock or between two vessels. F. ASTM D-2000-700. and SAE designation .J-2000.

Extruded fenders may be bolted, hung on chain. Extruded shapes listed in this manual are con-
or clamped to flat dock walls or hulls. skdere standard shapes. Variations from the Stan-

Extruded fenders can be precurved during febri- dard shapes can be provided. Contact Mors Sair-
*cation to fit special shape requirements or attach- vice Center.Q fent methods. Extruded fenders, while primarily a marine prod-

Mounting holes can be drilled on factory order or uct. have founa many applications in industry such
can be drilled on site with a standard (,/all oversize) as truck dock bumpers, door bumpers, corner pro-
twist drill at 250 rpm. The drill should be sharp- tection. rub strips, and seals.

102
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STANDARD SHAPES

PART REM IARS

2 3 1- 3.0 3-0Roo a T
2 3-84000 a F

': " - - 7.0 p,3-eoooa

2 6 2 13.0 F3-9000

2 a8 4 -S .3-1000
2 0 5 3Lo F3- o 2000 ,

2 12 6 42.5 F3-5000

a is. $S . F_-000 _ a
3 41~ IL84 PG.-0000 .msuWe oeb3 6 3 __11FL000 I
3 10 4 45.0 FS-7000 a. _ __

3_2_ L 63.0 P5.1 000 a So '4 _ a
3 14 6 91.0 FS-2003!
3 91 :V 4.3 FS-300

3 6 21 0 1.9 _-200O

4 2 4.6 FG_5000 S le44 6 1: 0 3 30.0 FS.-40C

4 0 5 3&0 __ F_____a___

4 O 4 12 6 510 __00, 2' ,2io, ,.r.-,ooo
4 * 12 Sam_ ____A

5 3 1 4 3 I, 1 4.3 P".C00

S6 3 9 IY2~ 3 3 115S F7.1000 a_

5 12 6 IS 3 6 5 4.0 F 7-4 r00a

5 t0 4 . 16 5 S 41O F7-5000 b

6 12 6 is 3 7 12 64.0 17.2000 a

5 3ii.. 3..~.. - . 11.5 F9.2000 . Bre a

7 12 5 12 6 6 54.0 F9-3000 a
7 4 4 a 4 4 4 22.0F9- "'0" Borg a

7 12 6 12 6 6 6 52.0 F9-7000 ' b
o * A 4 ' 2 . 4. 5 I F -  4 0 M : a•

WS 6i90 4 ____ ___

NOTE:
a. STANDARD SECTION-CURVES FOR i,

to & R/E INCLUDED Pgs.

b. NON-STANOAO SECTION-CURVES 0

nOR R, .a R/E UPON RE . -

C.RUs STRIP-NO CURVES

10-3
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•. MORSE etudd tenders -

,.37

CYLINDRICAL EXTRUSION
PART NO 0.0. 1.0. wtIrt Ric

P3 - 0000 3 1.5 3 14

P3 - 8000 3 2.5 7 tO
F3 - 1JO0 4 18.9 to

+ P3 - 2000 10 S 30 a;

P3 - SOO0 t2 6 42.S S.3
F3~ - 9000 IS 7.5 68-.5 3.5

P3-3000 18l 9 9. 2.9

APPROXIMATE LOAOIENERGY, DEFLECTION -

CURVES FOR MME STANDARD CYLINORICALS UNITS INCH eS IS lrTrP

DEFLECTION (INCHES)0 1 2 3 4 9 6 7 8 S 10 iI I2
130 - - - - - - .

120 is - S- -

ISO s

100---------------------------- 4512~
so------------------------- 40

so 3S

00 20 4
so 20.-

• DEFLECTION (m[)

W 30

4 6 a 0 2 10 23

"D[tITON )I0 12 4 G 6 a0 22 10 It 2

IV,.

SO zo

12-O
IL.---

%L- _

0DEFLECTION (C m)

104



* ____, OR E oxtwudod Idows

SQUARE EXTRUSION0

PART 1N* A ear wtIpt RJE

AOW 74 =00 = 3 215S 10
S ~ -7000 10 4 45 6.5

oPs -1000 12 S 93

SQUARE SECTION P13 -2000, 14 6 0:8 3.7

UNITS INCHES lbs IlPtIP

APPROXIMATE LOAOI ENERGY. DEFLECTION CURVES FOR MORSE STANDARD
SQUARE SNAPE

OSpLEcyTom NrCH4ES)

27014, 120

2400

210

.4r
Sao 0. s

5.0

30.

.00

DI FLECTION (Cm)

4. . . . . . . .. . . . . . . .

4 . ... .....

"s 33-,



. . .•.. .

i*,I

: 0 RECTANGULAR EXTRUSION

\h

Ib~tr ]L_ L 1 ]J k F"000_! 10 3:) 6 8~ .3

GORE AuluOO 4 1N2r so

- -UNT I

IRECTANGULAR EXRUIO
APFOICTON (INCESY C

29.o 2. 3 45 a

120

100

16

0 2 4 a s 10 12 14 46 0

' 0 OEFLEICTION (Cra

0 - - - 5 5

243.

i3

16
*12 -

ILI

1. 4 Q5 . .



- MORSE *. -lded .- !

* CYLINDRICAL WING EXTRUSION

PAT4 A Boom C D E wttt mim
E T T E~~son A __________

UNITS INCHES Ibs 14
AP ROXIMATE LOAD ENERGY, DEFLECTION CURVES CoX MORSE STANOAR0

CYLINDRICAL WING
DEFLECTION ( INCHES)
0 I 2 3 4 5 6 7 a 2 10

120

240

too

IO

40"s, Vo

I40 20

0 0
ii 0 ; a 10 t2l 14 if is 20 22

DEI JCTION (Cm)

DEFLECTION (INCHES)

0 I 2 3 4 S 6 9 S 9 to
28 

12

20. -.. 16

t 2.50

1 .0

.44 5 L 5

zw 0
2 4 6 a 10 IS 14 Is 10 20 22 j)

0FLECTION C-m

107
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414

0 FLAT TOP WING EXTRUSION

r PART wA B C D E FvvtinRie
F7-2000 12 6 1 8 3 7 12 64 5.7

r UNITS INCHES I5

APPROXIMATE LOADS ENERGY. OEFLECTION CURVES FOR MORSE STANDARD
IILAT TOP WING

DEFLECTION (INCHES)
240 3 4 i 6 7 - 10

o i so

ISOQ
10

20 8

-- -

40 20T

2 4 6 8 10 12 14 16 l8 20 22 24 0
DEFLECTION (Cm )

DEFLECTION (INCHES)

0 3 4 i 6 a S 0

30 3

202

- - -- - - - .as

u 20.5k

4-/

. ,°-I- - -

If51
© -

2 4 6 8 10 12 14 IS 18 20 22 24
OEFLECTION (Cm

108
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•MORSE --- ---- ~~

MORSEw extruded tenders

STANDARD "0" SHAPE EXTRUSION Q

PAR 0 A B .I C I1 Ew,,

l-- --- m , * I -:- -,I"

APPOEIMAlE LCAOENERGY .DEPLECTCN CURVES WON MORSE STANDOARD

DEPLECTION ( INCHES) SA
f

9920 G.24 > 15 1.

3000 12 6 7 Z
c UNI S !Nws- 1It..

26--------------------------------- ,0-

0*0 z

AO XMATEl LCA ENERGY OELCINCRE FRMRESADR

DEFLE.CTION I INCHES)

1 2 3 4 5 7 8

S0

200 - -- -

* w

os

00

A . -1.

10 40 
1

0.o 4 a a 10 12 14 16 1 20
OEFL.ECTION (Cm)

DEFLECT ION (INCHES)
0 1 2 3 4 S 6 7 a

3.5
24 -- -

-0 -
.0 u

2.5 '

2.0
0

I L -.-

Z 020:j l;
0 2 4 5 a 10 12 14 16 Is 20

DIEFLECTION (Cm

109



*ooumued tendes-
- 4

SLOPE SIDE "D"ISHAPE EXTRUSION

PAR NO A a C 0 E F W I FtI R E

79O-1 3.75 2.25 14.50 .75 2 11.50 4.5 -,.7

79-0008 3 6.75 1.52.8712.37 12.3 13.3

UNITSINCH4ES lbs ,!K

APPROXIMATE LOAD/ ENERGY,OEFLECTION CURVES FOR MORSE STANDAD
SLOPE SIDE -D"* SHAPE

0EFLECTION (INCHES)

35

S 30

______25

-40 z
0

0

01

DEFL.ECTION (Cm)

DEFLECTION ICHES)
0.5 1 1.5 2 2.5 3 3.9 4

0.21

ti.2 Z

00.4 -

2 3 4 5 6 7 a 9 00
DEFLECTION (Cm

110



- MORSE mouded eders

RIE CURVES0

E. Cyliniricals ig- Sciusre

1414 -- ~ 1

I~~~ NIT3:: j

2 
2

0 1 2 3 4 5 8 7 a 9 10 11 12 0 -1- 2  3 A 5 5 7 a 9

Deflection in nces Deflection in inches

4~ 14

ji- -0

1 2 3 4 5 6 7 0 1 2 3 5 6 7 6 2

Deflection in i ncf'es Deflection in Inches

20 
20--____

is x IE-flat Too W ng 1a -I-' Sh a IS30o

10 - 0-

4Ic-- 
4--

2 2-

Oeflection i inhs Deflec'tion in Minch*&

16- It

1% - IE-Mr S#booeT Bore

14 -

6 1 Rig -f Slame SIM

1 2 3 4 9 ;3 (5 1 5 2 25 3 3a. 4

Deflection ininches Welection in inchs



BMPRSEbme.-

Morse offers a line of Pushnse * Bumpers that may Patented Modular Weld-On-Bumpersi come in two
be used individually or in combination with otther styles. flat and 0-shaped. Flat Modular Bumpers
fandering products. All Bumpers are made of Neo- are idea protective devices tMat can be welded to
WAft I rubber to be scuff and wear resistant. Morse flat or curved surfaces. The 0-Shaped Modular
Pushnee, Bumpers are also resistant to ozone, sun- Bumpers with either a 0-bore or 0-bore will absorb
ligt Marine growth, and temperature extremes. the same amount of energy when deiflected as an
Bumper inserts are all carbon steel suitable for Extrusion of similar size absorbs. Like the Flat Mod-
welding; however, special stocks and thicknesses; ular Bumper, the 0-Shaped Modular Bumper may
ame available for most Bumpers. be welded to the flat or curved surfaces of a pile.

The patented Morse Pushnee B olt-OnBumper buoy, or vessel hull. See dimensional data and typo-
comes complete with two carbon steel rails. drilled. cal installations on page 47.
tapped, and bolted on. Simply weld the rails in Standard Weld-On Bumpers are available in Sin-
piece. Then at replacement time unbolt, remove gle and double width straight units, and also in
Whe worn Bumper, and bolt a new Bumper in place. 900 arcs on a nominal 18 inch radius. Dimensional
The Bolt-On-Bumper comes in two convenient details for these Bumpers can be found on page
sizesl. (See, below). 48.

PUSHNEE" BOLT-ON BUMPERS

BOLT-ON BUMPER E42011
Q WT: 55 LB

3 3 1

E42Ot11

CARBON S1EELW2

GOLT-ON BUMPER E42007 I o

WT: 1t0 LB
36

:0 1
*U.S. PAT. NO. 3535173 SNTISH PAT 40. t230557 CARBON STEEL (2)L RUBERI

112



010

C4 1

9-2010 107 Il 7

12000 10 7 14 SOL~

143001 13-1/2 !01=4 3/4 138 ~ c o
E4"041113-1/110-1/4 V12 110 E400

C2042 j31 014 /

201.

j~JPARTS-N-14WT

E42034

OSTEEL ii S1ANAD-PEA L IS I

PLAE TOC &?I4CEESSS AIL SL UPN AC42035O ES
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MORSE ~'--

0a UP-Tamv MODULAR BUMPERS MEAVYRDUTY

[&?*So 0 3 1.14 3d0.

1479 2 6 w ?
647970 ..2 1/ SOL

147972 to 7 V

iO4

"on US LOD . aI'l"I CURVES fr0m STANDARD

Me" iNo

DI1

*MO0114 No. WT: $6L&
1144311 la

*VALUES GIVEN am Ties SKETCH4 A09 CAL.CULATED.
*PI.ATIS IMJE FORM4 (WE secTIONS) mmicm m^KES rHB4 MORE 4I000 THAN IFLA? PLATES

-ON SIECTION4 WILL COVER APPROX. ?S- ON 36SRADIUS
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Movie Pushnse Barge Sumpars for hbew duty
weaee on barges tow boats, tugs. fishing boatil -
any vessel envolved in heaw duty cantact.

Morie Marine Bearings, offer outstano ig purtor.
* manca in plesure craft* and seagoing vessels.

Mo t y-Vo * Chain/icase combp
nations are customn-designed for
specaki metrne drive applications.

7.

Momi 4y.Vo' powers the biggestrseagoing dredge in the world.

-.........

11



M C L~S ~ Customer Service Centers

40
-LPENK KY

LOSANIM CAL-A

Providing OFF-THE-SHELF
MwCO C. maxAvailability of a Wide Range

of Industrial and hiarino, Products
UNITED STATES CANADA

Mpt . 33 e.."' a g, Mie NION MIeS. Toon 71e r...O. Out. COMOl3 reet Soul aee Palkway 133 Induanau Av. 299UytfbLM6342 VNC*auu Raw
P 0. IS 43509 Phore 201-28B-"22 P0.zu 05 ~ usua0tano

* ft.. 404-344100 WATS 110031-1900 Ph"fl 214-35064135 P=oteM1677-5961
* ~ ~M2S1041.432 CNOfCMI WATS K0d42 3070 MTX WAtS ONT (41). 5UE19619) WO-266492

6CO043107 PIN 527-5192 (Owl ON! 1416) MU266,0904
1UMANINVIPANTAM ON? (519. 613. a705) SM2mogiM

FR.7 RdMEXICO EUROPE
No 16. 0. 0 a411*A41 bI . Ca" 9866 Mo-eCA No. 53S tiNfIATS M00354917 3366 r MtdICMAwi All. Col Lftadef *"S. iIN. IN 12174M0. MO. INV P.O. Ss .6067 ANISI temnoStra Et

Poe 213.5134721 = = M Ptoue905115
ON (14:9. . 312 A 815). M. PA WAYS 603245 I 90W5(4 ;=I~

Tom 14154 er314

?. cbmoen wra in Inios goeme "I 4W*R Ce, cm~tIeerui OeparbMen MONSIL CHAIN OIVISION. Flrorae. Ke"Ituck 41042 Tofus 214114
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FENDERIPJG PRODUCTS
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Vlbration/ShocklNoise Control Products

Cell Marine Fenders

______________ IKin matics

t
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-* . FT Series Fenders
DIMENSIONS
AND BOLT HOLE PATTERN OF FT SERIES FENDER

-T--o

CHARACTERISTICS AND DIMENSIONS OF FT SERIES FENDERS

powe P- 6w ftm ajem w .m Pmr'Pu t# ,.u Raid PM twwpm n. 11 i A a
ft" - 80. OIL .0 1. 1.

0016W -1 1 -a 4 - I 4 .8 aI . -144 nN

.4 72 S.8 1.7 14.3 11. 7.4 7.9 16 1S.75 21.06 25.59SP0 1 .3 1.0 0. 85W w 55

PTOMX6 its5 15.2 11.6 31.5 24.2 10.4 0.3 9.9 210 Is." 21.45 25-St
2.? 2.1 1.6 14.3 11.0 6.6 95 SIX 550 680

P.M X 3&0 X4 23.9 -503 361,6 30.0 11.6 19.4 406 24.0 2.6 31207
5.4 4.2 U 216 17.5 14 220 e 760 a40

*I11.0 6.5 6.8 311.2 28.0 21.5 400 600 900 1050716l. 615 4.M98 617 4.060 1573.0 3.4 41.34

Prlle 151 1229 06.3 127.7 961 76.5 167 16.7 1740 39.3? 43.31 51.16
21 17.0 13.6 57.9 4.5 35.6 0 1000 11ce 1300

PVIISX 243.3 167.5 150.0 163.9 126.9 1018 21.5 2V. 2646 49.2? 51.16 59.06
34 26 21 77 so 47 1200 115 1300 1500

Ir1WX 214.6 '2411.9 196.? 59 116.5 121.2 2&4 245 331 4.21 57.06 64.9111
34 2 71 57 1600 1250 1460 1650

P148WX. 467.0 375.0 300. 266.3 206.4 164.9 2V.2 20.5 507 $7.06 64.96 71.83
6- 52 42 122 94 7 23600 1460 16 150

P11666- 63al 461.6 301.3 319.7 245.9 1967 260.9 31.6 0615 6&00 70.87 76.74
a U 54 148 112 6o 300 l60 160 200

P11W6 762 64.5 46,1 361.2 2322 227.1 31.6 Us 3 l8eo L96 74.66 67
109 -4 6? 16? 126 103 3700 10 10 2100

PT6.u 1276.3 96113 786. 1069 391.4 313.1 37.4 38A4 11011 7174 711.74 66.6
17? 136 106 231 178 142 6000 2000 2000 220

"ISOM. 2063.4 15661.6 1303.2 716.6 5511.2 46&.0 42.0 44.6 163= 66.8 60.55 100.36
266 216 160 325 250 210 7?A0 2260 2300 2550

6X 201.6 21356 1610.0 .0 67. 53 46.8 2 2360 96.42 106.30 116.14
3 0 9 0 46. 101,00 260 2700 290

PT3000-X 4860.0 3632.0 3113.0 1279.01 970.0 827.0 56. so 406 116.12 127.96 137.80
670 510 430 Sao 440 375 13600 3000 326 3560

SPECIFICATION
Malnal-Pexmig Elemet-Natural Rubber Blend

MetO Pltes-ASTM A283-70A. Grade C or equvalent.

For Sp*Cfc dtailU and dimnsons. p16mm Call or wrt the MaOn 018Mt iU5d On the back Page.
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FT0400 Fender ,
PERFORMANCE CURVES I. eai~xoso~

Curvs shown are typical for the Cell 2LiCIO DELCTO

Fedr.Specific curves for individual RTDCFETO.. ~ E 5CO~

tendersi will be provided upon reuest. 20 1V
PERFORMANCE THEORY 30 4 is Ja

Fender combines two engineering TO2 i

principles to produce excepticnal energ

absorbin capacity with low reaction, A0Z
eniablesl the fender to absorb initial impact
in compression. Second. when ucklinlg 0 2 4 6 a 10 0 2 4 6 a 10

occurs the tender continues to absorb FrA3~f*I*FArLA ASOTO

energy as it deflects, however, without an ~-O~ih..
inicrease in reaction force. Third. added to
fti buckling column effect is the hoop FT1250 Fender
effect which gives added strengtM and 'ao 50 .. I.

energy capability. OELCCN i E!LfCTO4

RATEOD CEFLETIN 4--, 1 0OEC7 ON

SYSTEM PERFORMANCE 4W

Frontal frames and hardware designed a ~ 4W

and manufactured by Lord Kinematics 3M-4-

c me with Cell Fenders to complete F~~~-

ft sstem Low hull pressure is achieved 3W 240 ,is.2. T S

through properly sized contact area.! ; I I

coefficient of friction polymeric contact 1
* pads w1.ich are resistant to wear, gouging. ~?03 ~i

and teeanng. . . I0~ 2
0 0I 025 30 0 S 15i 20 15 30
DEPECWON *4 iNCI'S DMIcWIOIN IN ImC)ES

SYSTEM ECONOMY mmgbfSF&"mAc1IaLo4D MMf9PM1WyO0P0

Complete Cell Fender Systems areFT 00F de
economical to purchase and install. Their T00Fne
performance permits new installations to low~ 4

23 64WC*,

bedesigned to cost less and existing 14or 6C
insalltios t hadlelarge vessels.

Gesnerally, the !rontal frame requires no 12 X AI

pile support which also reduces cost. I10 I

ow .400 -N

F7300W0-I
F:13000-2 I ) .

22 j F3000-3 Ja

0 0 040 SO040 0 10 20 30 40 50 0
DELINMOKS 0RIJCTION IN INCK.S

P1111I2 IIU63MMACUI000. TUgppE v4a?0
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Cell Marine Fender Systems
Ceol Fenders; ame available in the range of sizes A typical Cell Fendear and frame installation as shown in Figures 2
Ilsted an page 2. They can be designed into new and 3 includes anchor bolts. lateral restraint and weight support 7
or existing beirthing failities in a variety of Pat- chains as partof the systen. Qualified engineers at Lord Kinematics
tae. Figure I shows some of the typical arrange- can help you develop trio additional fender system details Certain-
nt tha are recommvrended. ing to insalln dimensirrs and system component materials.

PamU I PME 2 TOP VIEW

-- - 4~-~'1 QUAY WALL

~~~4LTERAL RESTRANT CK41N

WEGTSuPPOAT CH4AIN

FIGURE 3 sID VIEM

eA~v uer Fud. Ioru ____

washers; for embedment during concrete casting47., 7. 2-2
aeavadtablej for-eacm fender. Each kit includes J-34 FTOSOO 4 7-71 122-1/2

sWeev, bot rnd washer. J444.1 FTO03 4 7-148 1-1/SM 3-1/4
IJ-1444"4 P10600 8-142 1:1 /4 X4

J-14448.3 P11000 8 10%V4 /21/xK4-3(4
J-13945SERIES J.14145.15 FT11so 6 12-1/2 1-54.5-1/a

J-11"41 FT121 a 13-1/2 144x$- 1/2
J-1468-lI P1140 5 15-1/2 2.-1/2

J1444&16 FT160 112 2.-/
J- 4446-9 FT70 Go 13494 2x -/.639

J-1446-t6 F172250 / o1"44 2- t/2 x 7-3
J-14445-19 P12510/ 10 16.31 2-112 x7-3/4

For More Information:
4 Lord Kinismatics

Lord Corporation
1635 West 12th Street
P.O. Box 2051
Erie, PA 16512 L r
(614) 458-8511 Ac, - ie a c

!mat i9~4a,Lora Cotrmoawn Ai78..im
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APPENDIX B

CURRENT LOADS

Current Variations Considered 1-3 knots

Current Maximum Considered 7 knots

Immersion Depth Maximum 20 feet

Piling Diameters Considered 6 inches

12 inches

18 inches

Reynold's Number Calculated for each Diameter and velocity

Re p

Drag Coefficient obtainef from Reference 5, P. 17

Calculation of Drag Force Fd using

2

FD = C A- [Ref. 4, P. 2231D D 2

1 knot 2 knots 3 knots 7 knots

6" 32.65 lbf 54.41 lbf 127.32 lbf 799.84 lbf

12" 65.27 lbf 74.064 lbf 185.05 lbf 1756.32 lbf

18" 82.65 lbf 119.1 lbf 297.50 lbf 2793.1 lbf
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APPENDIX C

WIND LOADS

Wind Variations Considered 0-75 miles/hour

Wind Maximum Considered 75 miles/hour

Piling Exposed to Wind 12 feet

Sail Area Exposed to Wind 9 sq. feet

Piling Diameters Considered 6 inches

12 inches

18 inches

Reynold's Number Calculated for each Diameter and Velocity

U D
Re =

V

Drag Coefficient for piling taken from Reference 5, P. 17

Drag Coefficient for sail area taken from Reference 4, P. 388

Calculation of Drag Force Fd using

2
p U00

FD = DCA--- [Ref. 4, P. 223]

20 40 60 75

sail area 10.94 lbf 44.16 lbf 99.21 lbf 155.27 lbf

6" piling 3.65 lbf 14.7 lbf 33.05 lbf 51.64 lbf

12" piling 7.26 lbf 29.32 lbf 65.86 lbf 102.91 lbf

18" piling 10.94 lbf 44.16 lbf 99.21 lbf 155.02 lbf
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APPENDIX D

Type of Dam Reactiom nst

R.-W ~(-'+3x'a)

A.- wL
w.L'3

w.t -jy(z+6L'-4Lz)

For <a.

Wb W7,

if f Wa
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Maxiamm Important Maxim Maximum1
Deflction SIopes Moment Shear Forcm

Wa'(3L - a) W 3 Wa W
6E1 E at z-0 at z<a

W.L' wV
8E -6I2 w,L

at X-0 at X=0

ML' ML

Ifa>b'.

W(L- Wab(2L - a)
9V LEI LLEI at z >a

Wab(L -b) ataf.

b
at x <a
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APPENDIX E

G.S

The GIFTS system is a finite elemant Linear analysis program

presently available for use at the Naval Postgraduate School, Mmterey,

California.

GWI may be used to construct finite element models, display

created "7dels, add load and define boundary conditions, and

perform static or dynamic analysis. These capabilities are fully

explained through the use of GIFTS' doctxrntation library available

throih Prof. G. Cantin, Mechanical Engineering Department, at the

Naval Postgraduate School.

For the purpose of this thesis the EDI7M module was used to

create a 6 element, 3 dimensional, circular cross section beam

element.

A typical program running sequence includes;

EDITHl mo~del generation

-IT' load and boundary condition definitions

OPM optimizes the internal rnurering squence

in order to reduce disk requirements and

F' increase the speed of solution

STIFF creates the stiffness matrix

4 deoses stiffness matrix

DML calculates deflections

STR!ESS calculates stress

126.........



K ~ RES=L allow's user to reiew solution~u
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APPENDIX F

ADINA

ADINA is a flexible finite element program allowing

linear and nonlinear, static and dynamic analysis. The

program offers a choice of six element types and twenty

material models that are used in conjunction with the differ-

ent elements types. For the purpose of this thesis a 3-

dimensional circular cross section beam element was employed.

Ideally this element should have been coupled with Mooney-

Rivilin material model. However in ADINA this material type

is only availble in 2-dimensional continuum elements for

plane stress only. It was decided to use the elastic-plastic

material model even though it did not match the response of

the linear through nonlinear ranges. Using ADINA's nonlinear
.4..

formulation to allow for large displacement, it was hoped

that the elastic-plastic material model's response would

map any slight linear response exhibited by the experimental

model. Included in this appendix is a typical ADINA output

and associated data file.

Although the version of ADINA installed at the Naval Post-

graduate School is not the most current, it is an extremely

powerful tool. Additional information on the many applications

of ADINA may be received from Prof. G. Cantin, Mechanical

Engineering Department, at the Naval Postgraduate School.
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APPEDIX G

TABEZATED DA

D/d L/D S(in.) F(lb.) F(1b.) M(in-1b)oc" O: A

L.1 .5 16.38 .422 .421 6.9 3.0 .6

.671 .669 10.99 3.5 .8

.922 .91 15.1 4.2 1.3

1.171 1.17 19.i8 5.0 1.6

1.421 1.42 23.27 6.0 2.0

1.64 1.63 26.86 7.0 2.1

1.87 1.85 30.62 10.0 2.6

2.12 2.07 34.715 13.0 2.8

1.1 1.0 17.75 .422 .421 7.49 2.5 1.5

.671 .668 11.91 5.0 2.0

.922 .917 16.366 6.0 3.0

1.171 1.161 20.785 7.5 3.4

1.421 1.41 25.22 8.5 4.1

1.671 1.64 29.66 10.5 4.8

1.921 1.87 34.1 13.0 5.7

1.1 2.0 20.5 .422 .421 8.651 3.0 2.89

.671 .668 13.756 5.5 5.9

.913 .91 18.88 7.5 4.9

1.15 1.149 24.01 11.0 8.9

1.382 1.38 29.13 13.5 10.1

1.614 1.6 34.256 15.0 12.4

Experimental Test Results
(1 of 16)
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D/d LID S(in.) F(lb.) F%1b.) M(in-b)O(, e(

1.2 .5 16.5 .422 .421 6.963 .23 .25
.672 .672 -1.088 .5 .405
.922 .92 15. 213 .5 .556

1.172 1.17 19.338 .75 .707
1.422 1.4 23.463 1.0 .845

1.672 1.67 27.571 1.5 1.01
1.922 1.92 31.697 2.0 1.159

2.172 2.17 35.805 2.3 1.31

2.422 2.42 39.93 2.5 1.46

2.672 2.667 44.006 3.5 1.61

2.922 2.913 48.065 4.5 1.76

3.172 3.16 52.14 5.0 1.91

3.422 3.403 56.150 6.0 2.05

3.672 3.645 60.143 7.0 2.2

3.922 3.888 64.152 7.5 2.35

4.172 4.126 68.079 8.5 2.49

4.422 4.365 72.023 9.2 2.63

4.672 4.601 75.917 10.0 2.78

4.922 4.832 79.728 11.0 2.92

5.172 5.059 83.474 12.0 3.05

5.422 5.272 86.988 13.5 3.18

5.672 5.504 90.816 14.0 3.32

5.922 5.720 94.38 15.0 3.45

6.172 5.917 97.631 16.5 3.57

6.422 6.135 101.228 17.2 3.7

6.672 6.345 104.693 18.0 3.83

Experimental Test Results
(2 ofl6)
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D/d L/D S(in.) F(lb.) F(b.) M (in- lb) o(

1.2 .5 16.5 6.922 6.545 107.993 19.0 3.95

7.172 6.718 110.847 20.5 4.05

7.422 6.857 113.141 22.5 4.14

7.672 7.062 116.523 23.0 4.26

7.922 7.253 119.675 23.7 4.38

8.172 7.436 122.694 24.5 4.49

8.422 7.602 125.433 25.5 4.59

8.672 7.727 127.496 27.0 4.66

8.922 7.687 126.836 30.5 4.64

9.172 7.778 128.337 32.0 4.69

D/d L/D S(in.) F(lb.) F(lb.) M(in-lb)Q . A

1.2 1.0 18.0 .422 .42 7.596 0.0 .5

.672 .67 12.096 .5 .9

.922 .92 16.596 1.0 1.25

1.172 1.17 21.096 1.5 1.59

1.422 1.42 25.596 2.0 1.94

1.672 1.67 30.096 2.5 2.3

1.922 1.927 34.596 3.5 2.7

2.172 2.1667 39.091 4.0 2.96

Experimental Test Results

(3 ofl16)
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D/d L/D S(in.) F(lb.) F&ib.) M(in-lb)_RM

1.2 1.0 18.0 2.422 2.412 43.596 5.0 3.31

2.672 2.657 48.096 6.0 3.65

2.922 2.9 52.596 7.0 3.99

3.172 3.141 57.096 8.0 4.33

3.422 3.379 61.596 9.0 4.67

3.672 3.61 66.096 10.5 5.01

3.922 3.829 70.596 12.5 5.35

4.172 4.056 75.096 13.5 5.69

4.422 4.281 79.596 14.5 6.03

4.672 4.491 84.096 16.0 6.44

4.922 4.681 88.596 18.0 6.72

5.172 4.875 93.096 19.5 7.06

5.422 4.991 97.596 23.0 7.39

5.672 5.141 102.096 25.0 7.74

5.922 5.323 106.596 26.0 8.08

6.172 5.449 111.096 28.0 8.42

6.422 5.589 115.596 29.5 8.76

6.672 5.658 120.096 32.0 9.1

6.922 5.671 124.596 35.0 9.44

Experimental Test Results

(4 of 16)
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Did L/d S(in.) F(1b.) js(1b.) M(in-lb.) LXA

1.2 2.0 21.0 .422 .42 8.862 .5 1.3

.672 .67 14.112 1.0 2.23

.922 .92 19.36 2.5 3.09

1.171 1.71 24.61 3.0 3.93

1.422 1.419 29.86 3.5 4.77

1.672 1.666 35.11 5.0 5.61

1.922 1.91 40.36 6.5 6.45

2.172 2.15 45.61 8.0 7.28

2.422 2.37 50.86 10.0 8.11

2.672 2.614 56.11 12.0 8.96

2.922 2.801 61.36 14.5 9.76

3.172 3.04 66.61 16.5 10.6

3.422 3.226 71.86 19.5 11.4

3.672 3.33 77.11 22.5 12.19

3.922 3.55 82.36 25.0 13.02

4.172 3.72 87.61 27.0 13.82

4.422 3.83 92.86 30.0 14.6

4.672 3.896 98.11 33.5 15.4

4.922 3.98 103.36 36.0 16.62

Experimental Test Results
(5 of 16)

154



* D/d L/D S(in.) F(lb.) Fs(lb.) M(in-lb)A

1.26 .5 17.28 .422 .42 7.292 0 .2

.672 .67 11.612 1.0 .32

.922 .92 15.932 1.0 .44

1.172 1.171 20.252 2.0 .6

1.422 1.42 24.572 2.0 .67

1.672 1.67 28.892 2.5 .8

1.922 1.92 33.212 2.5 .9

2.172 2.169 37.532 3.0 1.02

2.422 2.419 41.852 3.0 1.14

2.672 2.669 46.172 4.0 1.3

2.922 2.913 50.492 4.5 1.4

3.172 3.16 54.812 5.0 1.5

3.422 3.409 59.132 5.0 1.6

3.672 3.652 63.452 6.0 1.7

3.922 3.901 67.772 6.0 1.8

4.172 4.145 72.092 6.5 1.96

4.422 4.389 76.412 7.0 2.08

4.672 4.632 80.732 7.5 2.2

4.922 4.874 85.052 8.0 2.3

Experimental Test Results
(6 of 16)
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04

1.26 .5 17.28 5.172 5.115 89.372 8.5 2.4

5.422 5.355 93.692 9.0 2.5

5.672 5.594 98.012 9.5 2.6

5.922 5.823 102.332 10.5 2.7

6.172 6.048 106.652 11.5 2.8

6.422 6.282 110.972 12.0 2.9

6.672 6.514 115.292 12.5 3.0

6.922 6.745 119.612 13.0 3.1

7.172 6.959 123.923 14.0 3.3

7.422 7.186 128.252 14.5 3.5

7.672 7.411 132.572 15.0 3.6

7.922 7.634 136.892 15.5 3.7

8.172 7.855 141.212 16.0 3.8

8.422 8.075 145.532 16.5 4.0

8.672 8.293 149.852 17.0 4.1

8.922 8.485 154.172 18.0 4.3

9.172 8.698 158.492 18.5 4.4

9.422 8.909 162.812 19.0 4.45

9.672 9.117 167.132 19.5 4.5

Experimental Test Results
(7 of 16)
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1.26 .5 17.28 9.922 9.324 171.452 20.0 4.65

10.172 9.528 175.772 20.5 4.7

10.422 9.679 180.092 21.5 4.75

10.672 9.985 184.412 22.0 4.8

10.922 10.091 188.732 22.5 4.9

11.172 10.284 193.052 23.0 5.1

11.422 10.435 197.372 24.0 5.2

11.672 10.671 201.692 24.5 5.3

11.922 10.805 206.012 25 5.5

12.172 10.94 210.332 26.0 5.8

12.422 11.117 214.652 26.5 5.9

12.672 11.291 218.972 27.0 6.0

12.922 11.462 223.292 27.5 6.04

13.172 11.63 227.612 28.0 6.16

13.422 11.739 231.932 29.0 6.28

13.672 11.9 236.251 29.5 6.39

13.922 12.057 240.572 30.0 6.51

14.172 12.148 244.892 31.0 6.62

" 14.422 12.297 249.212 31.5 6.74

14.672 12.442 253.532 32.0 6.85

. Experimental Test Results
(8 of 16)
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D/d L/D S(in.) F(lb.) Fs(lb.)M(in-lb) _

1.26 .5 17.28 14.922 12.585 257.852 32.5 6.97

15.172 12.652 262.172 33.5 7.08

15.422 12.785 266.492 34.0 7.2

15.672 12.916 270.812 34.5 7.31

15.922 12.632 275.132 37.5 7.42

D/d L/D S(in.) F(lb.) Fs(lb.) M(in-lb)_ _
i .A

1.26 1.0 18.85 .422 .42 7.957 1.0 .5

.672 .67 12.667 1.5 .7

.922 .92 17.38 2.0 1.0

1.172 1.171 22.092 2.5 1.3

1.422 1.42 26.805 2.5 1.5

1.672 1.67 31.517 3.0 1.8

1.922 1.919 36.23 3.0 2.04

2.172 2.168 40.942 3.5 2.31

2.422 2.416 45.655 4.0 2.6

2.672 2.665 50.367 4.0 2.9

2.922 2.913 55.080 4.5 3.11

3.172 3.16 59.792 5.0 3.4

Experimental Test Results
(9 of 16)
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D/d L/D S(in.) F(lb.) M(in-lb)_ 2A

1.26 1.0 18.85 3.422 3.403 64.505 6.0 3.7

: 3.672 3.645 69.217 7.0 3.9

3.922 3.893 73.930 7.0 4.2

* 4.172 4.131 78.642 8.0 4.4

4.422 4.379 83.355 8.0 4.7

4.672 4.621 88.067 8.5 5.0

4.922 4.861 92.78 9.0 5.3

5.172 5.093 97.492 10.0 5.5

5.422 5.331 102.205 10.5 5.8

5.672 5.568 106.917 11.0 -6.1

5.922 5.793 111.63 12.0 6.6

6.172 5.989 116.342 14.0 6.6

6.422 6.203 121.055 15.0 7.0

6.672 6.429 125.767 15.5 7.1

6.922 6.62 130.48 17.0 7.4

7.172 6.84 135.192 17.5 7.7

7.422 7.059 139.905 18.0 7.9

7.672 7.254 144.617 19.0 8.1

7.922 7.468 149.33 19.5 8.4

8.172 7.654 154.042 20.5 8.7

Experimental Test Results
(10 of 16)
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Did L/D S~in.) F(lb.) F5 (lb.) 11(i-Ab

1.26 1.0 18.85 8.422 7.781 158.755 22.5 8.9

8.672 8.012 163.463 22.5 9.2

9.172 8.411 172.892 23.5 9.7

9.422 8.574 177.605 24.5 9.9

9.672 8.73 182.317 25.5 10.2

9.922 8.918 187.03 26.0 10.5

10.172 9.023 191.742 27.5 10.7

10.422 9.159 196.455 28.5 10.9

10.672 9.195 201.167 30.5 11.2

10.922 9.262 205.88 32.0 11.5

11.172 9.474 210.592 32.0 11.7

11.422 9.633 215.305 32.5 12.0'

11.672 9.789 220.017 33.0 12.3

11.922 9.766 224.73 35.0 12.5

12.172 9.785 229.442 36.5 12.8

D/d L/D S~in.) F(lb.-) Fs(lb.) M(in-1b)oj~O,

1.26 2.0 22.0 .422 .42 9.284 1.0 1.7

.672 .67 14.784 1.5 1.8

.922 .92 20.262 2.0 2.4

Experimental Test Results
(11 of 16)
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Did L/D S (in.) F lb.) F(b. M lb)~M~

1.26 2.0 22.0 1.172 1.71 25.762 2.5 3.06

1.422 1.42 31.284 3.0 3.7

1.672 1.67 36.784 3.5 4.3

1.922 1.917 42.284 4.0 5.03

2.172 2.163 47.784 5.0 5.7

2.422 2.408 53.284 6.0 6.33

2.672 2.655 58.784 6.5 6.98

2.922 2.9 64.284 7.0 7.64

3.172 3.145 69.784 7.5 8.29

3.422 3.384 75.283 8.5 8.95

3.672 3.627 80.784 9.0 9.59

3.922 3.849 86.284 11.0 10.5

4.172 4.081 91.78.4 12.0 10.9

4.422 4.299 97.284 13.5 11.5

4.672 4.513 102.784 15.0 12.2

4.922 4.731 108.284 16.0 12.8

5.172 4.933 113.784 17.5 13.5

5.422 5.142 119.284 18.5 14.1

5.672 5.329 124.784 20.0 14.7

5.922 5.509 130.284 21.5 15.4

Experimental Test Results
(12 of 16)
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D/d L/D S(in.) F(lb.) Fs(lb.) M(in-lb)

1.26 2.0 -2.0 6.172 5.681 135.784 23.0 16.0

6.422 5.82 141.284 25.0 16.6

6.672 5.997 146.784 26.0 17.3

K 6.922 6.139 152.284 27.5 17.9

7.172 6.273 157.784 29.0 18.5

7.422 6.395 163.284 30.5 19.1

7.672 6.434 168.784 33.0 19.6

7.922 6.489 174.284 35.0 20.3

8.172 6.439 179.784 38.0 20.8

8.422 5.743 185.284 47.0 21.2

D/d L/D S~in.) F(in.) wiF Mi-lb)OC

1.34 .5 89.33 .376 .376 34.08 0.0 .7

1.12 1.116 139.92 5.0 2.7

1.3 1.278 198.84 10.5 3.8

1.3 1.25 240.24 16.0 4.6

1.49 1.382 300.96 22.0 5.7

1.68 1.483 359.88 28.0 6.86

1.86 1.594 416.4 34.0 7.9

1.86 1.425 453.480 40.0 8.6

Experimental Test Results
(13 of 16)
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. . D/d L/D S(in.) F(Tb.) 7Fs(1b.) M(in-lb)_4&

1.34 .5 89.33 1.86 1.257 495.360 47.5 9.4

2.1 1.159 555.120 56.5 10.6

2.42 .965 625.56 66.5 ll.9

2.42 .626 647.28 75.0 12.4

2.42 .211 660.6 85.0 12.56

/d LID S(in.) F(Ib.) f(h.) M(in-lb)Q

1.34 1.0 91.0 .375 61.44 3.5 2.4

.559 93.84 5.5 3.6

.909 184.80 13.0 7.1

1.05 254.4 20.0 9.7

1.137 334.8 29.0 12.8

.917 374.52 35.0 14.3

.958 422.76 43.0 16.2

.928 484.560 51.5 18.5

.734 523.680 60.0 20.0

1.34 .5 94.0 .368 112.30 4.0 9.5

.924 151.8 8.0 11.7

* 1.082 226.440 15.0 17.5

.868 256.44 21.5 19.8

.647 300.600 30.0 23.04

.134 343.56 45.0 26.17

aExrimental Test Results
(14 of 16)
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'II

D/d IVD S (in.) F (lb.) F(M.) M(in-1b)ov CO"

1.52 .5 91.0 .747 .74 106.66 5.0 1.3

1.490 1.474 201.498 8.5 2.3

2.047 1.968 309.184 16.0 3.5

2.604 2.439 393.121 20.5 4.4

2.790 2.475 459.784 27.5 5.2

3.347 2.691 569.80 36.5 6.4

3.533 2.584 625.7 43.0 7.1

3.533 2.271 663.8 50.0 7.5

4.647 2.393 805.0 59.0 9.1

5.019 1.880 870.0 68.0 9.8

6.690 .408 1053.0 86.S 11.8

D/d __D S(in.) F(Th.) F(Th.)

1.52 1.0 93.0 .376 .373 86.55 6.5 2.0

1.119 1.098 191.01 11.0 4.4

1.490 1.440 256.51 15.0 5.8

1.862 1.749 329.07 20.0 7.5

2.233 1.990 411.00 26.5 9.3

2.233 2.11 432.01 29.5 9.8

2.419 1.95 496.0 36.5 11.2

2.976 2.176 587.55 43.0 13.3

Experimental Test Results
(15 of 16)
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. D/d L/D S(in.) F(b.) F¢.(1b M.) n-l ,

1.52 1.0 93.0 3.162 2.03 643.19 50.0 14.5

3.719 2.02 728.0 57.0 16.4

4.09 1.73 793.0 65.0 17.9

4.647 1.28 870.0 74.0 20.0

D/d __ S(in.) F(lb.) .lb.) M(in-]b)

1.52 2.0 97.0 .433 .40 62.0 7.5 3.0

1.304 1.286 233.95 13.5 10.7

1.304 1.233 274.34 19.0 12.5

1.486 1.358 325.05 24.0 15.0

1.675 1.466 372.63 29.0 17.0

1.861 1.477 432.61 37.5 20.0

1.865 1.316 463.74 45.0 21.0

2.04 1.199 510.83 54.0 23.0

2.418 .945 550.18 67.0 25.0

2.418 .5496 695.49 76.0 32.0

3.34 .000 795.9 90.0 36.0

Eerimeital Test Results
(16 of 16)
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Critical Values for a

ADINA was used to evaluate the critical stresses in the nodel.

here the correlation bewmen computer model and e tal nodel

was good in the lirmar response range, critical stress was taken at

5, 10, and 15 degrees of rotation. Where correlation was poor only

the critical stress at the first loading was taken.

D/d L/D _c(p.s.i.)

1.1 .5 12.27

1.0 21.27

2.0 26.97 (5 degrees)

46.93 (10 degrees)

66.76 (15 degrees)

1.2 .5 5.565

1.0 6.27

2.0 33.047(5 degrees)

47.68 (10 degrees)

59.57 (15 degrees)

1.26 .5 4.36

1.0 4.798

2.0 33.46 (5 degree)

56.63 (10 degrees)

68.0 (15 degrees)
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*D/d L/D c(.s .
1.34 .5 13.7

1.0 24.96

2.0 62.91

1.52 .5 25.37

1.0 20.65

2.0 15.24
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APPENDIX H

SAMPLE CALCULATION

I. Piling Size Selection

Assume 6" OD. Steel Pipe

II. Use Appendices B and C to extract environmental loads

Assume a 2 knot current

20 mile/hour wind

Assume 15 feet of water depth

12 feet of piling above water

9 sq. feet of Navigational Package Sail Area

From Appendices B and C

2 knot current acting on 6" pile 54.41 lbf.

20 mile/hour wind acting on 6" pile = 3.65 lbf.

20 mile/hour wind acting on 9 sq. feet sail area

m 10.94 lbf.

III. Calculate Total Moment

a) 54.41 lbf x 7.5 ft. = 408.075 ft-lb

b) 3.65 lbf x 21 feet = 76.65 ft-lb

c) 10.94 lbf x 30 feet - 328.2 ft=lb

Total Moment 812.925 ft-lb - 9755.1 in-lb

IV. Using the critical value for a
!" MC

c 68 p.s.i and a= -
,c c I
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Solving for D and d where D =1.26 d (the ratio for

the desired snap-through action).

V. D = 13.38 inches

d - 10.44 inches

VI. Final Size

Using the 2-1 ratio L/D

L - 26.76 inches

D - 13.38 inches

d =10.44
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